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ABSTRACT
In the U.S., wetlands are one of the resources that have been adversely affected by
development in agriculture. In response, and in order to protect wetlands as vital
environmental resource, the federal government initiated several agriculture-related
environmental protection programs, such as swamp buster, the Conservation Reserve
Program (CRP), and the Wetlands Reserve Program (WRP).
The WRP is an incentive-based program designed to encourage farmers to reconvert
appropriate cropland to wetlands through subsidy payments. Because land is withdrawn
from agricultural production, regions with relatively high participation rates, such as
Louisiana, could experience adverse economic impacts from the program. As o f August
1996, about $39 million in subsidy cash payments have been paid to farmers for easement,
restoration, and maintenance activities on 65,000 acres.
Previous studies of similar programs have utilized fixed-price models, especially
input-output (1-0) models, to evaluate regional impacts. In addition to being limited in
scope, these studies relied on models with stringent assumptions without consideration of
other alternative models with the potential for different results.
In this study, the three most common regional impact analysis models—input-output
(1-0), social accounting matrix (SAM), and computable general equilibrium (CGE)—were
developed for Louisiana and used to evaluate the impact of the WRP in the state. Direct
impacts o f the program were captured using a combination of geographic information
system (GIS), Environmental Policy Integrated Climate (EPIC) model, and published and
unpublished data.

XI
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Model results show that the impacts of the program on the state economy were
marginal in terms of output, income, and changes in price levels. In spite of the marginal
impacts predicted here, results indicate that the impact o f the program may be different at
higher levels of participation and when the analysis is restricted only to participating
regions or parishes. In general, the SAM yielded the largest impact estimate followed by
the I-O, with the CGE yielding the smallest change. Regional economic analysts should be
cautious in choosing particular regional model because results may differ markedly. For
example, results from the CGE model differed in the predicted direction of change from the
other regional models.

XU
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CHAPTER 1
INTRODUCTION

Agriculture and Environmental Protection: Overview
In the 1960s, environmental degradation came to the forefront of political discourse
in most industrialized countries. The natural environment, traditionally viewed as primarily
a source o f raw materials, was increasingly seen as valuable in its own right (Dunlap,
1989). As a result, use of the environment by U.S. agriculture has become a controversial
topic.
Agriculture has traditionally occupied a preeminent position in the economy of most
societies. The favored position of U.S. agriculture has been demonstrated by commodity
support and other subsidy programs, and by public support of agricultural research, which
have all lead to phenomenal growth in output. However, the agricultural sector has still
tended to go through cycles of boom and bust, with prosperity in the early 1970s followed
by severe economic problems in the 1980s that were financially painful for farmers and
costly to taxpayers. Perhaps even more important, the effects of the transformation in
agriculture on rural economies have been mixed. Some regions have made a successful
transition from an agricultural base to other types of economic activity, while other regions
has suffered from the loss of agriculturally based activity (The Conservation Foundation,
1986).
Resource and environmental problems associated with agriculture have continued
regardless of the general profitability of the agricultural sector or the impact o f the sector
on regional economies. Government policies have aggravated the adverse effects of
1
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agricultural production on the environment in some cases. For example, the federal income
tax code has in the past provided deductions (through treatment of capital gains) for
draining and cultivation of wetlands (The Conservation Foundation, 1986).
A notable result of the growth in agriculture in the 1970s and early 1980s was the
conversion to cropland of pasture, forests, and wetlands. Much of the conversion occurred
in the Mississippi Delta and Southeast regions, where converted wetlands were often
planted in soybeans (The Conservation Foundation, 1986). A continuing concern is the
threat that expansion of agriculture posses to the 95 million remeiining acres of wetlands
in the conterminous 48 states.
In response to the growing concern about the relationship between agriculture and
the environment, the federal government has instituted several environmentally oriented
programs, including sod buster and swamp buster provisions in commodity programs, the
Conservation Reserve Program (CRP), and the Wetlands Reserve Program (WRP). The
CRP, established under the Food and Security Act (FSA ) of 1985, is a long term voluntary
cropland retirement program designed to protect the nation’s most highly erodible and
fragile cropland. The WRP is a voluntary easement purchase program, designed to restore
converted wetlands to their natural state, thereby contributing to “no net loss” of wetlands
as a policy goal. Concerns have existed about the effect of the CRP, and to a lesser extent
of the WRP, on regional economies (Parks and BCramer, 1991). Both programs retire
cropland from production; hence, both programs have the potential for adversely affecting
the economy of regions dependent on farming, if sufficient quantities o f land are retired
under either program. In addition, although such programs focus exclusively on agriculture.
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there is a strong possibility that effects go beyond agriculture into other parts of the
economy, depending on the strength of intersectoral linkages in the economy.

Environmental Policy and Program Intervention
Most societies desire to protect the environment and reduce pollution presumably
because the value these societies place on the environment's life-sustaining and -enhancing
services is greater than the opportunity cost of such protection. The challenge o f improving
environmental quality implies the need for basic and fundamental changes in the present
posture towards natural resource management. A democratic society often implements
change by enacting laws, rules, and regulations embodied in policies and programs. In the
U.S., the federal government is often the prime source of such actions, especially when
national issues such as the environment are the focus.
The history of environmental policy in the United States is not one o f continuous
improvement in human relations with the natural environment. The most important steps
in making the protection of the environment a federal responsibility were the National
Environmental Policy Act (NEPA) of 1969, and the formation, in 1970, o f the
Environmental Protection Agency (EPA). However, recently, several agencies o f the
government have assumed responsibilities with respect to the environment, especially as
it relates to the possible impact of their specific programs or policies on the environment.
The NEPA established environmental objectives as national policy, and requires that
environmental values be integrated into and weighted with other values in all federal
decisions, and requires federal agencies to compile and make reports on the potential
environmental impacts of their decisions (Vig and Kraft, 1994).
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Over the past two decades, public concern and support for environmental protection
has risen significantly, spurring the development of a vast array of new policies that
substantially increased the government's responsibilities for the environment and natural
resources, both domestically and internationally (Vig and Kraft, 1994). The direction and
goal of these policies continued to change to meet current challenges. For example, recently
there has been a shift in paradigm from command and control to incentive-based
mechanisms (IBM) in environmental protection policy formulation. The WRP, which pays
land owners to idle their land to protect wetlands, can be seen as an IBM approach (Diagne,
1996).
Nonetheless, in meeting the specific program or policy objectives of society as a
whole, there is always a trade-off between a specific program and the need to avoid the
implied economic damage possible with the implementation of such policies or programs.
Such trade-offs are not often apparent to program formulators or policy makers.

Wetlands and the WRP
Because many natural resources can be at least partially categorized as
environmental amenities, government agencies have shown increasing interest in their
management. This increasing concern has been motivated by the realization that natural
resources have a number of useful characteristics. Wetlands are one natural resource that
have received increasing attention over time. This attention is largely due to adverse
impacts from agriculture (U.S. Dept, of the Interior, 1984). Generally, wetlands are lands
where saturation with water is the dominant factor determining the nature of soil
development and types of plant and animal communities living in the soil and on its surface
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(NRCS, 1997). However, wetlands vary widely because of differences in regional and local
soils, topography, climate, hydrology, vegetation, and other factors, including human
interference.
Wetlands produce many benefits for society, including providing habitat for fish
and wildlife species.

Other public benefits include flood control, water quality

maintenance, erosion control, production of timber and other products, and recreation.
Concerning recreational activity, 3 million people spent $686 million in 1991 on hunting
water fowl and other migratory birds, while in 1991 fishermen spent almost $5 billion on
fish and equipment cost to catch wetland-dependent fish (U.S. Fish and Wildlife Service,
1997). Wetlands also provide other opportunities for popular activities such as hiking,
boating, and bird-watching. In fact, an estimated 50 million people in the U.S. spend about
$ 10 billion each year observing and photographing wetlands-dependent birds (EPA, 1997).
Also important is the value o f wetlands to regional economies. For example, Louisiana’s
marshes produced an annual commercial fish and shellfish harvest of 1.2 billion pounds
worth $244 million in 1991 (Office of Technology Assessment, 1993).
Agricultural and other development continues to impact wetlands. An estimated 215
million acres of wetlands existed in the conterminous U.S. at the time o f the nation's
settlement. By the mid-1970's, only 99 million acres of wetlands remained. Agricultural
development was responsible for 87 percent of recent national wetland loss, urban
development for 8 percent of the loss, and other development for 5 percent of the loss (U.S.
Dept, of the Interior, 1984).
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To stem the rapid loss of wetlands. Title XIV of the Food, Agricultural,
Conservation, and Trade Act of 1990 (FACTA) amended the Food and Security Act (FSA)
o f 1985 to provide for the establishment of the Wetlands Reserve Program (WRP). The
goals of the program are to ensure “no net loss” of remaining wetlands, and to increase the
quality and quantity of the nation’s wetlands. The amended act authorized the Natural
Resources Conservation Service (NRCS), previously the Agricultural Stabilization and
Conservation Service (ASCS), to purchase easements from persons voluntarily agreeing
to restore farmed and other converted wetlands. Annual budget costs of the program were
projected to be $100 million (Federal Register, Rules and Regulation, 1992). A national
enrollment limit of one million acres was set for 1991 through 1995, with a limit on 1991
enrollment o f200,000 acres, and similar limits for other years (Federal Register, Rules and
Regulation, 1992).
The land eligible for the WRP included farmed or converted wetlands, together with
adjacent lands on which the wetlands are functionally dependent, but excluding wetlands
converted after 1985. Eligible lands must be restorable and be suitable for wildlife benefits
as determined by the NRCS. The NRCS was also permitted to include farmed wetlands
and adjoining lands enrolled in the CRP with the highest wetlands function. Also, the
NRCS may include other wetlands that would not otherwise be eligible if their inclusion
would add to the value o f the easements, and riparian areas linking wetlands protected by
easements. However, wetlands converted after December 23, 1985, and lands with CRP
timberstands, and federal lands are ineligible under the program. Furthermore, total
enrollment in any county may not exceed 25 percent of arable cropland in the county.
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subject to NRCS discretion in special circumstances (Federal Register, Rules and
Regulation, 1992). Potential WRP participants file their applications for participation with
the NRCS. WRP applications are reviewed through September o f each year, but approval
for funding is granted each quarter. Ranking of each application is based on criteria
established by an interagency committee in each state.

Easements are offered to

landowners according to their ranking until available funds are exhausted.
Initially, the program offers landowners three options; a permanent easement, a 30
year easement, and a restoration cost-share agreement. Permanent easement is a
conservation easement in perpetuity in which the government pays 100 percent of
restoration cost of the land. For a 30-year easement, easement payments are usually 75
percent of what would be paid for a permanent easement and the government also pays 75
percent of the restoration cost o f the land. In the case of a restoration cost-share agreement,
the government pays 75 percent of the restoration cost but there is no easement on the land.
Currently, permanent and 30 -year easements options receive greater priority by NRCS.
Payments to participants were to be subject to advance appropriation, and may not exceed
$50,000, except that such limitation will not apply in respect to permanent easements
(Federal Register, Rules and Regulations, 1992).
As an IBM approach to environmental protection, the WRP offers both incentives
and benefits to potential landowners to encourage voluntary participation. These incentives
and benefits include receiving financial compensation, enhanced wetland values, reduced
problems associated with farming potentially difficult areas, practicing environmental
stewardship, and recreational opportunities. In addition, landowners continue to have and
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control access to the land, and may lease the land for activities deemed compatible with
WRP goals by the NRCS (Federal Register, Rules and Regulations, 1992).
In return for these benefits are several obligations required of participants in the
program. They must provide an easement on the land, and implement an approved
wetlands reserve plan of operation. In addition, they are expected to engage only in
activities that would enhance the status of the wetlands. Such activities include haying,
grazing, timber harvesting, hunting, and fishing. Each participant is required to submit a
bid with an approved plan of operation (Federal Register, Rules and Regulations, 1992).
Such a plan of operation includes the obligation by the landowner to maintain the wetlands
by controlling noxious weeds, monitoring seedlings, and ensuring proper operations of
water control structures.
As of August 1996, significant amounts of wetland restoration and enhancement
activities have been initiated. As indicated in Table 1.1, between 1992 and 1996, $386.7
million have been appropriated to the WRP nationwide. This appropriation was for
344,283 enrolled acres and 1,945 participating landowners throughout the U.S. The level
of participation in the WRP has been on the increase over this period, although
participation rates vary across regions. In Louisiana, to date, 64,721 acres have been
enrolled in the WRP, which is 55 per cent of the total enrollment in the U.S. south central
region and 15.8 percent of national enrollment (Table 1.2). Thus, Louisiana is a relatively
high participation state. As of August 1996, $39 million were spent on restoration and
easement payments to 185 participants in Louisiana. The state also recorded a 100 percent
sign-up approval rate in the first and second program sign-ups. Within Louisiana,
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Table 1.1: Summary of National Wetlands Reserve Program (WRP) Enrollment, 1992-1996.
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Appropriation
($ million)

Year

Program

Number of
States

1992
1994
1995

WRP
WRP
WRP

8
20
Nationwide

46
67
93

249,059
587,000
485,933

1,314
5,775
3,335

43,428
75,000
111,000

228
457
578

1996
1994
1995

WRP
EWRP(2)
EWRP

Nationwide

77

NA(1)

NA

506

1,945

8)
8)

Acres of
Application

Number of
Landowners
Enrolled

Number of
Applications

Acres
Enrolled

104

83,225

542

85,747
29,108

387

1,405,217

10,966

344,283

-

-

-

-

176
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Totals

Notes: 1. Due to outstanding unfunded WRP applications, no new sign-ups were held in 1996 as appropriations
were used to reduce the 1995 sign-up backlog. 2. Emergency Wetlands Reserve Program.
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Table 1.2: Wetlands Reserve Program (WRP) Cropland for Louisiana Parishes for 1992, 1994, and 1995
Sign-Up Periods.
■8D
Parish

CD

3.
3
"

CD

■CDD
O
Q .
C

a.
O
3
"O
o
CD
Q.

■CDD

Avoyelles
Caldwell
Callroula
Concordia
Desoto
E.Carroll
Franklin
Madison
Natchitoches
Ouchita
Point Coupe
Rapides
Red River
Richland
St. Landry
Tensas

Number of
Applications

1992
Acres

Total Cost
($)

6
1
1
1

2,964
604
704
89

1,120,686
214,650
412,932
248,597

2

236

171.611

5
3
3
2

2,693
205
1,097
699

1,990,942
118,000
374,880
491,751

1
9
6

91
2,368
915

40

12,663

Number of
Applications

1994
Acres

Total Cost
($)

12
6
9
6
1
2
8
28
2
2
3
2

3.036
1,910
4,873
2,075
338
393
3,390
7,259
1,099
516
253
591

1,619,583
950,723
2,052,928
1,169,647
160,415
208,695
1,274,926
5,083,199
479,407
262,989
234,910
349,852

67,568
1,490,120
1,390,773

1
6

45
2,362

3,421
1,691,309

8,092,510

88

28,139

15,542,004

Number of
Applications

1995
Acres

Total Cost
($)

8
6
3
8

2,086
2,186
1,912
2,079

1,148,207
1,250,165
940,311
1,107,973

1
2
20

59
805
6,522

33,841
610,774
5,028,747

3
1

1,013
76

729,435
69,935

5
10

2,435
4,747

1,326,875
3,083,296

(/)
o'
3

Totals

Source: NRCS, Unpublished records (1996).

67

23,920 15,329,559

II

participation is not evenly distributed. Some parishes (counties), such as Madison,
Avoyelles, and Tensas, have higher levels of participation than the state average
participation rate. Many of these acres are wetlands that have been retired to self-sustaining
conditions for their original functions and values. Others have been enhanced so that the
functions and values are improved from degraded levels.

Research Problem
Policy makers often design and implement policies that target particular sectors.
The WRP and other similar programs are specific to agriculture but agriculture does not
depend on itself for all its needs. Also, while the unintended effects of a program at the
national level may be minimal, the impact at the regional level may be more significant
for certain regions. Hence, while simple analytics suggest that taking cropland out of
production will result in higher agricultural prices, net farm income from cropland may
increase or decrease depending on elasticities of demand for inputs and outputs. When
payments for enrollment are included, expected net present value of farm income will be
increased over the life of the program or farmers will not participate unless motivated by
nonpecuniary considerations, such as concern about the environment.
Effects on regional economies are also difficult to predict, in that some forms of
spending by farmers in the regional economy may increase while other spending by farmers
will decrease. Expected impacts on the regional economy will also differ over time,
because costs associated with certain program components, such as expenditures on
wetland restoration, will vary over time.
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Nature of WRP Implementation
The design of the WRP suggests that there are two levels of impacts that may be
observed depending on the type of activities that are required in the program. First are farm
level impacts, which may be positive or negative depending on the t)-pe of activity. Second
are the impacts on the regional/national economy, which may also be positive or negative,
but not necessarily in even the same direction as farm-level impacts. The assumed
direction of impacts over appropriate periods for both the farm and regional economy are
depicted in Table 1.3.
Farmers will only participate in the WRP if perceived program benefits exceed
perceived program costs. Farmers participating in the WRP program would expect lower
gross revenue and production expenses. Farmers may also experience a reduction in
deficiency payments because of participation in the WRP. As a result, cropland idled under
the WRP is by itself expected to have a negative effect on farm net income over the entire
life of the program (thirty years or permanent) (Table 1.3). Farm income will increase
significantly over the period in which payments for easements are made (limited to the first
five years in the program). In present value terms, subsidy payments are the major balance
to program costs to farmers and are important determinants of farmer participation.
Expenses relating to reestablishing wetlands are assumed to occur as a one time cost in the
first year of participation. This assumption was made to simplify the allocation of costs and
benefits for ease of computation and analysis. Because actual enrollment is done on
individual basis and quarterly, the pattern of restoration costs is complicated. However, this
assumption will not affect overall impact estimates significantly although impacts
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Table 1.3: Alternative Activities and Impact Scenarios for Participation in the Wetland
Reserve Program (WRP).
Activity

Assumed Farm Enterprise Assumed Regional Economy Period
Impacts
Impacts

Restoration Costs

+

First Year

Subsidy Payments

+

+

Years 1 to 5

Idled Cropland

-

-

All years

Other Allowable Activities
(e.g., hunting, fishing, and
timber harvesting)

+

+

All years

may be biased towards the first period. The farmer’s level of wetland restoration and
improvement cost will play a role in his decision to enroll in the program. The probabilities
concerning what economic activity will be allowed on farmland retired under the WRP is
another possible key determinant. In some cases, landowners may receive revenues from
croplands reconverted to wetlands under the WRP, such as revenues from hunting leases
(an allowable activity in Table 1.3).

Such changes would be expected to be either

permanent or at least last over a 30 year period.
Although the WRP is a national program, the decision to participate is an individual
one made by the farmer. Hov^ever, the impacts of such individual decisions are at a regional
level depending on the level of participation and the structure of the regional economy in
question. Given the time frame of the WRP, the local or regional economy may be
adversely or positively impacted as well. The aggregate gains (or losses) by participating
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farmers in a region may not be equal to the gains (or losses) by the regional economy.
Hence, net benefits to the regional economy may not be easily estimated by simple partial
analytics often employed by micro-level analysts.
As depicted in Table 1.3, different aspects of the WRP implementation may have
divergent implications for the farmer and for the regional economy. For example, the
impact o f restoration costs on the farmer may be negative, indicating increased operational
costs, at least to the extent of the farmer’s share of restoration costs. On the other hand, the
regional economy will benefit from the spending on those activities that are undertaken in
the restoration program. Because restoration costs occur only in the first year o f enrollment,
the impacts for the farmer and the regional economy may be relatively easy to assess. In
the case of subsidy payments, both the farmer and the regional economy will benefit as
there will be an infusion of extra dollars into the local economy. However, the magnitude
o f these effects depend on the structure of the economy. If households that receive the
direct cash payments are mostly nonresidents, then most of the spending will be done
outside the region. Hence, the regional economy will receive less of a positive impact than
expected. Also, if the particular participating region is dependent on outside markets for
most of it goods and services, the regional economy will receive relatively less positive
impacts.
Idled cropland implies reduced spending by WRP farmers, meaning substantial
reduction in purchases on farm supplies such as labor, plant, machinery, seeds, chemicals,
and other production inputs. These in turn may influence provision of local supporting
services such as transportation, handling, production and marketing of inputs (Standaert
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and Smith, 1989). On the other hand, idled cropland will also result in reduced operational
cost to the farmer, which may imply higher farm profits. Such profits could mean greater
spending by owners of WRP land, either in the region or outside the region. Thus, the net
benefit to the regional economy of idled cropland is not easily determined, especially
because idle cropland effects will occur over the life of the program.
Although reduced spending may reduce input demands, allowable activities such
as recreational hunting and fishing may lead to increased demand for certain inputs and
services. In addition, the new activities may generate demand for regional goods and
services from outside the region that will positively impact the region’s economy. Again,
the net effects of these allowable activities for the regional economy cannot be easily
determined given that they will occur over the life time of the WRP.
Therefore, given the scenario depicted in Table 1.3, the overall net effects of these
various activities will determine the overall impact o f the program on the local economy.
A simple national assessment of the possible economic impact of the WRP (as is often done
in positive partial equilibrium analysis) will rarely capture the relative magnitude and scope
of such impacts in different regions. The sectoral linkages within the regional economy and
the linkage of the regional economy to the rest of the world are important considerations.
The time dimension also indicates that participation in the WRP by farmers is an
investment decision (taken in the present) that will have short-term and long term
implications for the economy.
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Alternative Models
The choice of model often dictates the kind of result to be expected in assessing the
impact of any program or policy at the regional level. Different models are based on
different assumptions concerning the economy in question. Hence, the goal o f estimating
regional impacts of a policy begs the question of which type of model to be employed.
There are several tools available to the analyst to assess regional impacts of
programs. For example, partial equilibrium models such as benefit-cost analysis or
econometric models may be used, or a variety of general equilibrium models may be
employed. In general, some studies (Huang et al., 1990; Ogg et al., 1989; Konyar and
Osborn, 1989; Parks and Kramer, 1990; and Heimlich, 1994) have employed partial
equilibrium econometric models to assess programs similar to the WRP, including the
CRP. These partial equilibrium models focussed mainly on the farm level impacts and
implications of farmer participation in that conservation program. Partial equilibrium
models often focus on specific sectors, thus ignoring the larger economy-wide effects
which, in some regions, may be more important. However, their results often shed light on
participating farmers's decision making processes and criteria for participation.
Other studies of the regional impacts of similar programs, usually the CRP
(Broomhall and Johnson, 1991; Elder and Butcher, 1989; Martin et al., 1988; and Shepherd
et al., 1992), have utilized the Input-Output (I-O) model partly because o f its relatively
simple structure that is based on restrictive underlying assumptions. But results from 1-0
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models may be problematic. ' The assumptions of perfect substitutability between outputs,
linearly homogenous production functions of degree one, perfect complementarity, and zero
substitutability among commodities and factor inputs and fixed relative prices in 1-0
applications may restrict the policy inferences that can be drawn from model results. These
assumptions are restrictive and may not adequately reflect changes that are often prevalent
in an economy (Midmore, 1993; and Wemstedt, 1995).
Other general equilibrium models, such as Social Accounting Matrix (SAM)
models, have been utilized in regional economic impact analysis to a far lesser extent.
SAMs are basically extended 1-0 models. In 1-0 models, households provide factors of
production, receive income, and make expenditures on final goods and services. However,
the SAM makes the linkage between household income earned from firms and resulting
household spending much more explicit, partially by accounting for so-called leakages such
as savings and taxes. Further, interactions with other institutional accounts supplement
these household activities in SAM models. Hence, by using more information, a SAM
model may provide a more detailed picture of the structure of an economy than an 1-0
(Rose et al,, 1992). The main disadvantage of the SAM is its more extensive data
requirements and the fact that a SAM is based on similar restrictive assumptions as an I-O,
such as fixed relative price.
Computable General Equilibrium (CGE) models are based on a SAM structure but
have been less frequently utilized than either the I-O model or SAM model. A CGE is a

' Some of these studies have used models that have relaxed some of the basic assumptions
in the I-O model and may not have all of the associated limitations.
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system o f simultaneous, empirically, and numerically solvable economy-wide model of
equilibrium prices and quantities in all markets. The applicability of CGE models partly
hinges on the availability and adequacy o f relevant data at the regional level. Often, data
needed for constructing a CGE model are difficult to find at the regional level. Another
consideration is whether fixed prices and hence easier to construct I-O models provide an
adequate picture of the economy for the issue under consideration. Thus, the choice of
model itself is not a simple matter; there is always a trade-off between the gains of more
accuracy and the resource requirements of an improved model. However, it is an empirical
question whether the improvements realized in using less restrictive and more realistic
models are worth the efforts.
Besides their data requirements, each of the three general equilibrium models
discussed have advantages and disadvantages in relation to the particular situation that is
being examined. For example, the assumptions of I-O models such as fixed relative prices
are retained and extended in the SAÎvI. Like the I-O model, the accuracy o f model
predictions is still based on the efficacy o f model assumptions. In either a SAM or I-O
model, factors of production that are engaged or idled because of a change in activity in a
given industry are assumed to not influence relative factor prices. In fact, changes in
relative factor prices, such as changes in the labor wage rate, could influence economy-wide
use of labor. Because an I-O or SAM model would not account for the dampening effects
of the change in the wage rate, economists using either type of model may overestimate the
regional impact of a policy.
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Users of a regional CGE may, on the other hand, tend to underestimate the regional
impacts of a given policy. Not accounting for sticky wages, or not allowing for resources
to be permanently unemployed may cause estimates from a CGE to be less than the true
effects of a given policy. This problem also relates to the particular perspective taken by
the modeler i.e, a Keynesian or Neo-classical approach. In a Keynesian economy, the wage
rate is assumed given; hence, labor supply is endogenous and the level of unemployment
is not predetermined. On the other hand, in a Neo-classical economic framework, full
employment is assumed for the economy as an endogenous wage rate adjusts to a perfectly
inelastic labor supply. Assumptions about the migration of labor and other factors of
production in and out of the region are also critical to model results. CGE is also sensitive
to the assumptions made about substitution between factors of production. Often, relatively
inelastic substitution underlies most empirical applications (Shoven and Whalley, 1992).
The Structure of the Regional Economv
The type of economy being modeled is also critical to the relative accuracy of
estimates from the three models. For example, at the regional level, the relative openness
of an economy could dictate which type of model, CGE, or a fixed-price SAM or I-O, is
most appropriate. Some have argued that the smaller a regional economy is relative to the
national economy, the more open the region will be, and the less appropriate the
assumptions of a CGE model (West and Jensen, 1993). On the other hand, the CGE is
appropriate to use when net benefit estimates are required or desirable, when policies have
an indirect effect on relative prices, and when the economic content of model results is
desired (Kraybill, 1994). It is, therefore, reasonable to suggest that if a region is a price-
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taker in factor markets, and has significant idle capacity, the I-O may be more relevant. On
the other hand, if "large" increases in factor use can be expected to influence relative prices,
then the CGE model may be more appropriate.
Given the scenario above, a major problem confronting the researcher is to be able
to model the anticipated changes in the economy following program or policy
implementation. Generally, since a SAM is an extension o f an I-O (i.e., a wider picture
of the economy but with fixed relative prices), its estimated impacts are likely to be an
upper bound (Hughes, et al., 1991). Whereas, a CGE impact analysis will likely result in
a lower bound since markets are allowed to react to price changes due to demand and
supply changes. Thus, the I-O will likely result in impact estimates that fall between the
SAM and CGE results. This relationship between the three models therefore offers the
analyst the opportunity to guide policies within some definable boundaries. O f course, the
accuracy of such boundaries will depend on the consistency as well as the realism of the
underlying assumptions initially made. A crucial issue then is to ascertain which o f these
methods of assessment, I-O, SAM, or CGE, best mirror these changes over time given the
structure o f the economy and issue under study. These are problems addressed in this
study.

Justification
Previous studies that evaluated the CRP, a similar program to the WRP, have
primarily focused on the direct effects of removing cropland from production. Substitution
effects, secondary price effects on both output and inputs, resource use, and import and
export responses have been ignored (Uri and Boyd, 1996) because all the studies that have
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examined the regional impact of the CRP utilized I-O models. Thus, the distributional
implications of the impacts of a large infusion of easement payments to different household
groups are ignored or minimized. In addition, these regional CRP models may have
overestimated the impacts of the programs on the local economy because the imderlying
model (i.e., the I-O) does not adequately account for institutional linkages in the economy.
This study focuses on the direct and the indirect (distributional) effects o f changes in
cropland removal due to the WRP. Furthermore, the study also accounts for the possibility
of relative price changes. Hence, model results should better describe the welfare effects
of the WKP as compared to previous I-O based studies.
The WRP, as a new policy, has not been evaluated from a regional economic
perspective. Hence, the result of this research should help ensure the efficient
implementation of the program and also guide decisions on similar projects in the future.
In addition, given the differences among models, there is the need to examine the extent to
which choice of model affects the results of impact studies. Previous regional impact
studies of the CRP have ignored this issue. Examining the effect of choice of model is
important because misguided policy action based on inaccurate study results could have
very adverse effects on local economies.
Finally, a literature search reveals that only a few regional (state-level) SAMs and
CGEs have been constructed in the U.S. The few notable exceptions include models for
Oklahoma, Ohio, Oregon, West Virginia, California, and New Mexico. There are no
published comprehensive SAM or CGE models for Louisiana. Therefore, the Louisiana
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SAA'I and CGE constructed and utilized in this study will offer policy makers in the state
and elsewhere unique opportunities for state-level policy analysis.

Research Objectives
The overall goal of this study is to assess the net economic effects o f the WRP on
the economy of Louisiana and the influence of choice of models on those results. Specific
objectives include;
(1)

estimate the output implications of the WRP by assessing crop production
loss due to WRP lands using a geographic information system (GIS)
framework;

(2)

estimate the direct benefit and cost implications of the WRP program to
participating farmers;

(3 )

estimate the direct economic effects of agricultural land use on the regional
economies with and without WRP implementation;

(4)

estimate and analyze, within a comparative I-O versus SAM/CGE
framework and under one or more post-implementation scenarios, the
direct and indirect regional economic impact of resulting changes in the
sector due to WRP implementation; and

(5)

evaluate the WRP based on the results obtained.

Research Procedures
Objective 1
It is not expected that WRP land will be as productive as other agricultural lands.
Farmers will be expected to initially offer marginally productive lands for program
enrollment. Productivity of enrolled land is thus an important factor to consider in
determining the opportunity cost of enrolled lands. Geo-referenced soil and land-use maps
o f Louisiana will be used to estimate crop productivity of WRP land. The soil map will be
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derived from United States Geological Service (USGS) State Soil Geographic (STATSGO)
Database. The land use map will be derived from USGS Land Use and Land Cover (LULC)
data files. The soil map is combined with the map of participating areas (also from
STATSGO) to determine the specific land enrolled in the program. A yield map is then
overlaid on the composite soil/area map to estimate the productivity of enrolled land. The
average yield for each area can then be determined and the initial aggregate output
implication of the WRP for the state obtained. The resulting estimate will form the basis
for estimating the opportunity cost o f enrolled land as it relates to the regional economy.
The yield obtained will then be projected over time assuming the present scenario holds.
To gauge the accuracy and consistency of projected yields obtained from the GIS
based results, forecasts o f yields of the specific crops over the 30-year easement period will
be evaluated. USDA’s Environmental Policy Integrated Climate (EPIC) model will
estimated will be utilized in making this forecasts. To accomplish this, soil data
information generated from using STATSGO and LULC supplemented with farm
management practices in the participating areas will be utilized. The EPIC model will be
calibrated as needed for an accurate representation of actual soil productivity under actual
conditions. The results obtained will then be compared to the previous estimate for
reliability and consistency.
Objective 2
A simplified benefit-cost (BC) model will be used to fulfill this objective. The EC
approach requires information on easement payments and value of lost output due to WRP
participation (i.e., net revenue or benefit). It also requires cost of restoration of WRP land

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

24

to easement status as required by the United States Department o f Agriculture (USDA).
Potential costs for the most appropriate economic activities allowed on WRP land will be
estimated from restoration cost data provided by the NRCS. The NRCS also provides
information on government easement payments to participants. Lost revenue will be based
on estimates derived from processes described for objective I . Cash income or revenue due
to easement payments will also be accounted for in assessing total benefits.
Objective 3
A hybrid^ I-O based on an IMPLAN generated I-O will form the basic model of
analysis to study the agricultural land use impacts of the WRP. To adequately capture the
effects of changes in income and income distribution resulting from changes in economic
activities and transfer payments, the basic hybrid I-O will be extended to a SAM. This
extension will be achieved by building a hybrid SAM model, based on an IMPLAN
generated SAM, that will adequately reflect the Louisiana economy. The SAM will form
the basis of a state (regional) CGE. Using the I-O, SAM, and CGE models, the impact of
direct changes in expenditure patterns due to WRP retired land will be evaluated. One or
more possible scenarios of these post-implementation situations will then be simulated and
the results compared across models.
Objective 4
The results obtained under objectives 3 provide quantitative estimates of land use
changes, income levels, and income distribution patterns resulting from WRP

'A hybrid I-O is based on a ready-made, non-survey model such as IMPLAN,
supplemented with primary and secondary data.
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implementation. These results will be compared to the existing condition in the regional
economy. A comparison will also be made between the existing changes and expected
future changes, given the projected participation rate of Louisiana farmers in the program.
The desirability or undesirability of the WRP on the economy of Louisiana will then be
fully assessed.
Also, simulation results from each model (I-O, SAM, and CGE) will be examined.
These results will then be compared across the models. Given the maintained hypothesis,
the results are expected to differ between the models. The magnitude of these differences
wall be evaluated to determine their significance in terms of possible influence on
conclusions that could be drawn. The question of the extent to which the choice o f model
affects study results, and hence, conclusions made about the impact of the WRP on
Louisiana economy, wall be answered. The hypothesis is that the SAM wall over-estimate
the impacts of the WRP, the CGE wall result in an under-estimation, and the I-O will result
in impacts between these lower and upper bounds. These differences would be large if a
large portion o f the land resource base in Louisiana are affected by the WRP.

Study Area
EPA (1988) broadly categorized wetlands in the U.S. into coastal and inland
wetlands. Because of the geographical location of Louisiana, the state has vast amounts of
both inland and coastal wetlands. Inland wetlands in Louisiana are usually forested
wetlands, cypress/hardwood bottomlands, low woodlands, open land and water (Louisiana
Department of Natural Resources, 1997). Coastal wetlands in the state are usually
characterized by saline estuaries, unvegetated mud flats or sand flats, mangrove swamps
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and marshes (EPA, 1988). As is common in most parts o f the U.S., coastal wetlands have
received most of the attention from government and private groups (EPA, 1988). For
example, in Louisiana, the establishment o f the state Office of Coastal Restoration and
Management predates the WRP.
Coastal wetlands are very important habitats for estuarine and marine fish and
shellfish, various waterfowl, shorebirds, and wading birds as well as several mammals.
Most commercial and game fish are dependent on coastal wetlands. Similarly, inland
wetlands are important habitats for fish and wildlife species. Most freshwater and
recreational fish and bird-life—ducks, geese, and songbirds—are dependent on inland
wetlands for survival (EPA, 1988). In addition, inland wetlands are often critical habitats
for other species, such as muskrat, otter, beaver, and deers. For example, in Louisiana, a
large portion of the critical habitat identified for the endangered Louisiana black bear are
inland wetlands areas (Hughes and Luzar, 1995). Seven of the eleven proposed critical
habitat economic area parishes for the black bear are also in the WRP areas o f the state
(Hughes and Luzar, 1995).
Overall, wetlands provide substantial economic and recreational benefits for
Louisiana. For example, 40 percent of the U.S. wild fur and hide harvests take place in
Louisiana wetlands, and the value of wetlands associated commercial fisheries is $ 1 billion
annually. Also, over 66 percent of waterfowl using the Mississippi Flyway winter in
Louisiana wetlands, providing opportunities for recreational hunting (Louisiana Department
o f Natural Resources, 1997).
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Louisiana has a land area o f 28.5 million acres, of which 8.8 million acres were
wetlands at the end o f the 1980s. This ranks the state behind Alaska and Florida, with the
third largest wetlands acreage in the U.S. Current wetlands acreage in the state represents
a 46 percent loss from what existed in the area 200 years ago. According to the U.S.
Fishery and Wildlife Service (USFWS, 1989), this loss also ranks the state among the
largest losers of wetlands acreage. Nonetheless, Louisiana still has about 40 percent of the
Nation’s coastal wetlands (Louisiana Department of Natural Resources, 1997).
Although the WRP is a national program, not all fifty states are participating.
Louisiana, the focus o f this study, is one of the major participating states. Also, within
Louisiana, as in other participating states, not all parishes (counties) are participating.
Sixteen of the sixty-four parishes in the state have participants in the WRP as o f August,
1996. Those parishes that currently have program participants are indicated in Figure 1.1.
According to the U.S. Census Bureau classification, twenty-four o f the sixty-four
parishes in the state are metropolitan, i.e., either have cities or twin cities with populations
of at least 50,000 or belong in the commuting zone of such cities. Thirteen of the forty
remaining non-metro parishes are among the sixteen participating parishes in the WRP in
the state. That is, 81.3 percent of participating pzuishes can be classified as rural while 32.3
percent o f all rural parishes had WRP participants.
The USDA-ERS (1997) classifies rural parishes based on economic activity and
other economic attributes. These classifications indicate that parishes with WRP
participants tend to be dependent on agriculture and government transfer payments and
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have high poverty rates. For example, in 1995, the per capita income in Madison Parish,
the highest participation parish in Louisiana, was $13,773, which was 27.5 percent below
the state average (USDC-BEA, 1997). In fact, Madison ranked 58* of the 64 parishes in
the state in terms of per capita income while 14 of the remaining participating parishes
ranked between 30* and 63"^. The poverty rate in Madison in 1993 was 39.8 percent, which
was 15 percent above the state average (U.S. Bureau of the Census, 1998). Five (31.3
percent) of the sixteen participating parishes are farming-dependent. Of the remaining
eleven parishes, three (18.8 percent) are dependent on services, three (18.8 percent) are
non-specialized, one (6.3 percent) is manufacturing-dependent, while the rest are mixed or
classified as government-dependent. Hence, 62.3 percent of farming dependent parishes
in the state were located in the WRP participating regions as of August 1996. Parishes in
the participating areas include thirteen (39.4 percent) of the state’s parishes classified as
poverty counties and ten (47.6 percent) as transfer counties (Fannin and Hughes, 1997).^
Of the 8.8 million acres of wetlands in Louisiana, 2.4 million acres (27.3 percent)
are located in parishes with WRP participants.

According to FSA classification of

wetlands, this 2.4 million acres is comprised o f 10,100 acres (0.4 percent) o f converted
wetlands, 159, 000 acres (6.5 percent) o f farmed wetlands, 1,056,700 (43.4 percent) acres
^Farming-dependent counties are counties where farming contributes a weighted annual
average of 20 percent or more of total labor and proprietor income, mining-dependent are
those where mining contributes a weighted annual average of 15 percent or more o f total
labor and proprietor income, manufacturing-dependent are those where manufacturing
contributes a weighted annual average of 30 percent or more of total labor and proprietor
income, government-dependent are those where government contributes a weighted annual
average of 30 percent or more o f total labor and proprietor income, and services-dependent
and those where services contribute a weighted annual average of 50 percent or more o f total
labor and proprietor income (USDA-ERS, 1997).
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of prior converted wetlands, and 1,210,100 (49.7 percent) acres o f wetlands (USD A-NRCS,
1994). FSA defines converted wetlands as third-party conversion eind minimal-effect
conversion, prior converted wetlands as those lands altered before December 23, 1985,
farmed wetlands are those manipulated and used to produce agricultural commodities prior
to December 23, 1985 but are not prior converted, and wetlands as those wetlands farmed
under natural conditions. Therefore, wetlands in the participating areas are largely farmed
or converted.
As can be seen in Figure 1.1, participation in the WRP in the state for the first three
sign-ups are limited to wetlands in inland parishes, specifically in the northern part o f the
state. On the other hand. Figure 1.2 shows that the majority of wetlands in the state are
coastal. Several factors explain the regional concentration of WRP participants in Louisiana
(Figure 1.1). First, the agricultural productivity of these inland wetlands is usually lower
than those in the coastland areas. According to Nichols (1997), most of the WRP lands
were previously devoted to monoculture soybeans. These areas, for the most part, are
marginal croplands. Due to the uncertainty of arability because of excess water from year
to year, farmers were reluctant to invest substantial amounts of money in these areas.
Tillage reduced organic matter and subsequently water holding capacity during peak
moisture demands.

Nutrient depletion was also becoming a limiting factor in crop

production. On the other hand, wetlands in the non-participating southern areas are
relatively productive hydric soils (Heimlich, 1994) often planted in rice and sugarcane.
Further, during the period o f study, rice and sugarcane farmers received either direct or
indirect price and income support under government commodity or import restriction
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program. Soybean prices and income were not supported in such a manner. Hence, such
programs were a disincentive for WRP enrollment in southern Louisiana. It was relatively
more profitable and attractive to farmers in the participating region to accept cash payments
for marginal land.

Organization of the Study
The remaining part o f the study is organized into five chapters. Chapter Two
consists of a literature review and the theoretical models to be employed. Chapter Three
presents the empirical application of the models developed in Chapter Two. Model results
of the WRP impact analysis for the three models (I-O, SAM, and CGE) are presented in
Chapter Four. A policy analysis of the program is given in Chapter Five. The summary,
conclusions, policy implications and suggestions for further study are contained in Chapter
Six.
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CHAPTER 2
THEORETICAL FRAMEWORK AND LITERATURE REVIEW
In this part of the study, a review of regional impact analysis, including
contemporary impact analysis models, is discussed. The three models used in this study,
Input-Output (I-O), Social Accounting Matrix (SAM), and Computable General
Equilibrium (CGE), are further examined in detail. These models are examined with
respect to their theoretical foundations, assumptions, weaknesses, and strengths. In
addition, a review of empirical applications of these models in general, and in particular
with reference to regional economic analysis, is provided.

Regional Economic Impact Analysis
Impact analysis can be defined as an assessment of change in overall economic
activity as a result of some specific change in one or several economic activities (IMPLAN
Group, 1996). Impact analysis in a region focuses on the interaction between economic
policy changes and the implications o f these changes for the local economy. In particular,
it may reflect local or national concern about the effect of change on a variety of actors or
agents within the local economy, such as specific socioeconomic groups, specific sectors,
or specific locations. Changes in the level and distribution of local employment, income,
sales, and wealth are often the target of analysts in the context o f regional planning
(Shaffer, 1989).
Numerous models have been developed for impact analysis at the regional level.
Although some have been constructed to examine only the effects o f changes in demand,
others are more encompassing in formulation and use. Some models are limited to
33
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examining the effect of change on a particular sector, while other models are able to trace
the path of change throughout the entire economy. Models that can be used to examine
direct, indirect, and feedback effects o f exogenous policy shocks are more useful for
forecasting change and making policy decisions than models that can only show direct
impacts. Such models are more useful because a local economy has inter-sectoral linkages.
These linkages imply that the effects of a particular policy will not only be felt by directly
impacted sectors but also by sectors directly or indirectly linked to that sector (Shaffer,
1989).
Regional Sectorwise Impact Models
Sectoral analysts of local economies have utilized a number of different models
such as export-base, benefit-cost, and econometric. These models are often used as shortrun impact evaluation techniques because the underlying data are static. Hence, the models
may not adequately capture the often rapidly changing structure of a regional economy.
These models are often based on demand-side macroeconomic theory (Fleeter, 1980).
Some of these models have become less popular over the years while others have
been continuously modified to make them applicable to the dynamics and the unique
structures of a regional economy. It has been argued that the relevance of Keynesian
macroeconomics, which formed the basis of these model, is doubtful at the regional level.
The standard Keynesian macroeconomic models are essentially short-run income change
models premised on a national database and fine tuned to analyze demand management
policies and conduct short-term forecasting. On the other hand, macroeconomic models
are most appropriate for a closed economic system where policy-makers can claim to have
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a strong degree of control (Fleeter, 1980; Treyz, 1993). A closed system ignores many of
the income flows in the real world. For example, trade is completely exogenous, and
savings and investments in the economy are usually endogenous. Hence, except for
external shocks to the system such as changes in exports, most of the economic variables
in the system are determined within the system (Treyz, 1993). In the following section, the
most common forms of these equilibrium analytic models are discussed.
Benefit-Cost Analysis
Benefit-Cost Analysis (BCA) is one way to apply the principle of welfare
economics to public policy proposals. BCA is premised on the concept o f potential Pareto
improvement, that is, resources in a society may be re-allocated such that the resulting gains
make everyone better-off. Based on the Kaldor-Hicks compensation principle, gainers are
theoretically able to compensate losers at least to the full extent of their losses. Hence, in
the analysis, the net economic benefits or ratio of benefits to costs of a given project
alternatives are evaluated. In a regional context, the benefits and costs of a proposed
project may be an implicit depiction o f the expected impact of the proposed project
(Richardson, 1979; Rossi and Freeman, 1993).
The issue at hand in BCA is the effects on the economy in a region or location.
Favorable effects are estimated and valued as benefits whereas the unfavorable effects are
estimated and valued as costs. BCA is aimed at compiling and evaluating these effects and
estimating the overall change in the economy’s output, employment, income, and other
tangible economic variables, given the implementation of the proposal. In general, if the
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total amount of benefits exceed total costs, the project is justified and should be undertaken
or included in the pool of alternatives to be considered for implementation (Mishan, 1982).
The idea underlying BCA is a simple one, with its roots in neoclassical welfare
theory. Yet, in implementation, there are complications in terms of definitions and the
scope of costs and benefits. Because o f its comprehensive approach, BCA often requires
both market and nonmarket valuation techniques. Nonetheless, it has found wide
application in public policy, and recently in the evaluation of natural resource and
environmental issues (Howe, 1987; Hamilton, et al., 1991).
The reliance on a single decision criteria limits its usefulness in making economywide policy decisions. In addition, BCA completely ignores distributional implications of
the proposed projects, which are often crucial for local economies. It should also be noted
that some consider BCA to be an analytical tool for guiding regional decision makers rather
than a behavioral economic model. Furthermore, BCA is also more of an ex-ante than an
ex-post analytical tool (Shaffer, 1989; Rossi and Freeman, 1993).
Econometric Models
Regional econometrics models are usually based on a Keynesian (demand-driven)
picture of an economy in which national level macroeconomic models are stepped-down
to sub-national level. In regional econometrics models, regression analysis is applied to
time series data to estimate the assumed relationship. The regional economy is modeled
as a system that can be represented by blocks, with each block representing a particular
component of the economy, such as consumption and investment decision making (Fleeter,
1980). These models are driven by exogenous national factors such as gross national
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product (GNP), expenditures, the price level, and interest rates. Regional econometric
models are used to forecast future levels o f activity in the regional economy as a whole with
model dependent variables as output, employment, and endogenous prices.
Econometrics models have been applied with varying degrees of sophistication,
ranging from systems of a few equations to a system of several hundreds equations. In
their elementary form, the models are demand driven. In more sophisticated models,
wages and prices may not be taken as given. Hence, factor mobility, in a neoclassical
tradition, is a reflection of an external shock to the system. Often, a simultaneous equation
approach allows for a limited examination o f sectoral interdependence in the region.
Examples o f multi-regional econometric models are models for Austria and for the
Netherlands, based on cross-section data, and large scale simultaneous equation models,
such as the Philadelphia Regional Econometric Model of regions in the U.S. (Pleeter,
1980).
In several respects, econometric models are similar to COE models in that both
attempt to empirically verify the underlying economic theory.

Unlike the CGE,

econometric models allow for statistical testing of hypotheses about the underlying
economic theories and structures. However, this flexibility is also the source of possible
limitations. Endogeneity problems, often associated with simultaneous equation models,
lead to several biases that limit policy inferences that can be drawn from model results.
In addition, the distribution of the error terms, especially in complex models, are not
known. Hence, reliability of estimates are often called into question. Nonetheless, unlike
CGE models, it is easier to incorporate dynamics into a system of equations and thus long-
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run impact studies are easier to carry out. Finally, CGE models are useful for modeling
intersectoral interaction in a more detailed fashion than econometric models and accounting
for important elements such as intermediate inputs.
Export-Base Models
Export-base models are based on the premise that regional income is determined
by exports (i.e., sales of goods and services both foreign and domestic) outside the region.
The economy is conceptualized as comprising two sectors, export industries and local
service industries. The export sector is comprised o f local firms that bring funds into the
community by meeting external demand for their goods and services. The other sector (the
nonexport, nonbasic, or residentiary sector) sells its products within the boundaries o f the
region and exists to support the export sector (Shaffer, 1989). Thus, it is assumed that new
injections of outside funds into the local economy drive the local economy. The outside
funds circulate through the local economy, thereby generating output, employment, and
income until the leakages in the local economic system-imports, savings, and taxes- exhaust
this initial injection. Hence, total regional income is a sum of base income and service
income is a function of total income, and total income a multiple of base income
(Richardson, 1985; Bendavid-Val, 1991).
The impact of external shocks to the economy could, therefore, be fully captured
by examining the sectoral linkages between the export and non-export sector. Traditional
export industries are agriculture, forestry, mining, and manufacturing. However, in current
applications of this theory, export base industries have been determined through the use of
location quotients and minimum requirement techniques (Ullman and Dacey, 1969; Moore,
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1975), and more recently, econometric techniques, such as cointegration (Harris, et al.,
1996). These models can be applied to a region for estimating either short-run changes in
activity or for long-run growth analysis.
An often cited objection by regional economists to export-base models is that they
ignore capacity constraints and other supply driven features of the economy. This may not
be a serious deficiency if the exogenous stimulus is relatively small compared to the size
of the economy, or if the region itself is relatively small. Export base models are also
limited because of the implied assumption that only the export sector is important as the
engine of growth for local economies. In fact, there are other sources o f growth such as
government investments and new technologies (Richardson, 1979; Pleeter, 1980; Shaffer,
1989). It is also suggested that export-base theory implies that because fast growing
regions will have net exports of goods and services, they must be net exporters o f capital.
However, in reality, it is often observed that regions that are rapidly growing are usually net
importers of capital (Richardson, 1979). Another shortcoming of this model is the
assumption of a relatively stable relationship between local consumption and income.
Import substitution is one factor that can render this assumption invalid because, with
regional growth, goods previously imported may now be provided locally. Another
limitation of export base models is the absence of “feedback” effects in the analysis. An
increase in regional export leads to increases in regional income and imports. But regional
imports are exports of other regions. Thus, an increase in regional income could stimulate
activity in the outside economy, which would in turn stimulate further increases in the
demand for exports in the region of interest (Shaffer, 1989).
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Inter-Regional Economv-wide Models
Most of the sectoral models previously discussed may have limitations for long-run
regional economic impact analysis because of a lack of detail in accounting for linkages in
the local economy. Also, in open economies, interindustry transactions and household
incomes and spending patterns across industries are becoming increasingly more important
than single-industry transactions. Specifically, the level of aggregation in sectoral models
may limit their usefulness in policy decision making. In response to these and other
limitations of the one or two-sector models, more detailed model of regional economies,
such as 1-0 models, have become increasingly popular.
The Basic Structure of Input-Output Models
Interindustry or Input-Output (1-0) analysis is an empirical analytical firamework
formalized by Wassily Leontief in the late 1930s. Jensen (1993) classified the history o f
1-0 analysis in regional economies into two periods. In the first period, researchers were
primarily concerned with building survey based input-output models that accurately
described the regional economy. In the second era, researchers have been concerned with
the efficient and effective regional application of the model in the face of limited resources.
Concerns have been with the overall accuracy of regional multiplier and impact estimates
through the use of regional ready-made and hybrid models. Survey-based models are
based on primary survey data on the sectoral distribution of regional purchases and sales
to final demand of every sector of the economy and on the imports purchased and exports
sold by each sector. Ready-made models are models depicting regional economic
transactions without recourse to detailed primary data collection. In addition, major efforts
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have been made to extend the I-O framework in an attempt to accurately model regional
economies.
The 1-0 model provides a framework in which to collect, categorize, and analyze
data on the interindustry structure and interdependencies of the economy o f a nation,
region, or state (Miller and Blair, 1985). The model focuses on interrelationships o f the
producing and consuming units in an economy. In addition, it depicts the interrelations
among different sectors which purchase goods and services from other sectors, and which,
in turn, produce goods and services sold to other sectors.
Because 1-0 models represent an array of complex relationships among different
sectors, such models are based on several rather stringent assumptions for purposes o f
tractability. For example, economic relationships are represented as a set o f linear
equations.

These assumptions include the following: (i) constant returns to scale

production technology, that is, output increases or decreases in direct proportion to input
use; (ii) fixed commodity input structure, that is, the mix of commodities and services is
invariant of input to production; and (iii) homogeneity o f sectoral output, implying that
proportion of industry’s commodities produced is invariant of levels of total output
(IMPLAN Group, 1996).
Industries in an 1-0 framework consist o f businesses producing goods and services;
commodities are the goods and services themselves. Industries can produce more than one
commodity. Commodities other than an industry’s primary commodity—the commodity
with the largest share of an industry’s output—are called secondary commodities or by
products (IMPLAN Group, 1996). Written as a matrix or table, the 1-0 model depicts
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various economic flows, thereby providing a systematic and concise arrangement of all
economic activity within the study area (O’Connor and Henry, 1975).
The macroeconomic circular flow view of an economy found in interindustry
models, such as an I-O, is illustrated in Figure 2.1. Excluding exports, imports, government,
and financial sectors, there are only two sectors of actors, producers, who take inputs and
deliver products, and households, who consume products and deliver factor services to
producers. In this framework, there are two sets of markets: (i) producer market, where
either intermediate or final products are bought and sold, and (ii) factor markets, where
capital and labor owners sell to producers (Der\ds et. al., 1982). I-O models also add
economic flows that go through financial and government sectors.
Given the assumptions underlying an I-O, and the implied relationships among
economic agents, the flow of production can be traced among the various sectors of the
economy in a detailed fashion, all the way through to final demand (that is, final users for
the regional economy such as households, government, investment, or export markets).
This snapshot of the economy is presented in tabular form in Table 2.1. For all industries
(i as row entry or j as column entry equals one through n) in the economy, an n x n square
matrix (the regional interindustry transaction matrix) shows interindustry flows. For a given
(ith) industry, the ith row contains sales by that industry to all other industries in the region.
The corresponding jth column contains the purchases made by the same industry from all
other industries in the region. In this manner, the sales and purchases o f intermediate goods,
which are all goods that are used as further

inputs into the production of other

commodities, are depicted as an observed monetary flow from sector i to sector). Final
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demand consists of purchases made for final use (not resold) by institutions, which include
households, government, capital investments, and by trade, which is exports to purchasers
outside the region.
Let z,j be noted as the sales o f industry i to industry j. Assume an economy with n
sectors, and let X, be the total output (production) of sector i and Y, the total final demand
for sector i’s product, then
X. = z„+Zi 2 + 2 , 3 +

+ z ,j

+ z,„ + Y,

(2-1).

Thus, the right hand side of (2-1 ) is the distribution o f all the ith sector’s interindustry sales
and its sales to final demand. For all industries in the entire economy, a system o f equations
can be constructed with this structure.
Value-added consists of returns to factors of production (labor and capital including
land) and indirect business taxes (taxes imbedded in prices). Since not all local demand
may be met by local production for all local activities, the I-O table also includes a row that
accounts for all industry imports into the region’s economy.
Given a Leontief production model, output to input relationship can be expressed
such that
X, = min[ z,/a,j, z^/agj,

, 2 ,/a,^]

(2-2)

where: a,j is the intermediate requirements from sector i per unit of sector) ( z,j/Xj = ajj ),
(or I-O technical coefficients). Hence, the system of equations modeling the economy
becomes
X| = &||X| + ^12X3 +......+

+

+ ^InXn + Y^l
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Xi = aj,X, + a,2 X, +....+ a,,X, + ......+ a , ^ + Y,

Xn = a„iX, +

+....+ a^,X, + ......+ a , ^ + Y,

(2-3).

These equations serves to make explicit the interdependence of interindustry flows
on the total output of each sector. The relationship between nominal intermediate flows to
nominal output is

:K, = 2%aÿX: +

(2-4)

for a single industry. Equation 2-3 is the material balance equation of the I-O model. In
matrix notation, it is
X = AX +Y

(2-5)

X = (I-A)-'Y

(2-6)

or, solving for X,

where, (I-A)' is the well known Leontief inverse. The Leontief inverse matrix contains the
interdependence coefficients depicting the relationship between the outputs of production
sectors of the economy and the final demand for the product of these sectors. Thus, the
(I-A)'' implies that, because of the inter-relationship between different sectors in the
economy, a change in final demand, Y, for the products of one sector has ramifications
throughout the economy. This is the so called multiplier effect. Therefore, the most basic
element in input-output analysis is estimating changes in output levels forparticular
sector(s) of an economy that are required to achieve a final output (Hewings,1985). Given
exogenously specified final demand, (AyJ production requirements necessary to satisfy the
demand can be estimated using the Leontief inverse.
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That is,
AX = ( I-A )-'A Y

(2-7).

Given final demand targets, the Leontief inverse (I-A) ' allows for the estimation of the
implied targets for sectoral production.
In an I-O model, equilibrium is attained in the economy when the output o f each
industry equals total purchases by that industry. However, such equilibrium relations are
not imposed on the final demand sectors or on the primary input sectors. It is sufficient that
all the final sectors taken together should be equal to the total of the primary inputs
(O’Connor and Henry, 1975).
For some, the I-O is just a picture of economic flows j; thus, the usual neoclassical
economic assumptions, such as profit maximization, optimal resource allocation, and
consumer utility maximization are not required (Richardson, 1972). For others, the I-O
model can be made to reflect economic behavior, albeit sometimes in a limited fashion.
Thus, the model is more than a pure accounting system (Klein, 1989; Treyz, 1993). That
is, the sum total of income payments by the productive system to the final sectors is equal
to the total value of finished goods and services purchased by the final sectors for
consumption, investment, government, and net exports (a static equilibrium). As to be later
discussed, this model feature is one of the major differences between it and the SAM,
where more restrictive (individual) account equilibrium conditions are imposed. Trade
is incorporated into the I-O model by explicitly defining imports and exports. While
imports and exports are perfect substitute in all uses, recently, the Armington assumption
o f imperfect substitution between imports and exports has been used (Kehoe, 1996).
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Regional I-O models have been used for policy simulation, for forecasting
employment, output and income, and as a component in integrated modeling (e.g. Stevens,
et al., 1981; Treyz, et al., 1988; Huang et al., 1994). I-O models have also been found
useful in project appraisals associated with regional economic development. That is, a
demonstrated link to benefit-cost models can easily be made in that the impact o f a project
can be determined by examining the before- and after-project effects of changes in relevant
endogenous variables (Bell, et al., 1982, Hamilton et al., 1991).
A large body of research has been concerned with the stability of the technical
coefficients in I-O models. In reaction to such concerns, and other assumptions under
which I-O models rest, attempts has been made to relax these assumptions by integrating
mathematical programming into I-O (Torii, et al., 1989), by estimating underlying
production functions econometrically (Stevens, et al., 1981; Rey and Dev, 1997; Shields
and Deller, 1997), and by building probabilistic coefficients (Knudsen and Fortherigham,
1988; Gahart, 1985; Lahin and Satcheel, 1986; and West, 1986). Other attempts in making
I-O more realistic range from modeling relatively simple disaggregation o f the I-O with
respect to very specific sectors of the economy to more integrated or linked models in
which the I-O model forms a part of a more comprehensive framework (West and Jensen,
1993).
Hybrid models (i.e., models that supplement ready-made I-O data with primary
data) that address the accuracy problems of I-O models are now common in regional
applications. As defined previously, ready-made models are constructed using published
data to estimate the level and structure of economic activity and by making the assumption
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that national and regional technology are the same. One of the more popular ready-made
model is IMPLAN, originally developed by the U.S. Forest Service. Numerous examples
o f hybrid models exist. For example, Sullivan and Gilless (1990) study o f the impact of
national forest harvest levels on the local economy supplemented IMPLAN data with
primary data from the El Dorado and Shasta National Forests to improve the accuracy of
impact estimates.
Explicit formulation of flexible I-O models that address the rigidity problem in the
Leontief technology underlying I-O interindustry analysis are becoming popular in models
such as RJEMI (1992). REMI models are extended I-O models that incorporate more
flexible functional forms and allow for some price responsive behavior of firms. These
models are not CGEs, however, because there is no allowance for continuous production
and factor market clearance in their applications. Recent applications o f such models
include Cashing and Giarrantani (1992) and Lien and Treyz's (1992) examination of the
impact of air quality regulatory policy on the economy of Southern California.
There is also a renewed focus on conjoined input-output and econometric models.
Often the econometric component focuses on estimating final demands, factor prices, and
primary input supplies whereas the I-O part is used to determine industry outputs and
primary factor demands (Shields and Deller, 1997). In this case, the statistical strength of
partial equilibrium econometric models is coupled with the sectoral and equilibrating
qualities of I-O. Recent studies in this line of applications include Huang et. al. (1994)
examination o f impacts of regional solid-waste management and Shields and Deller (1997)
simulated impacts of a new manufacturing firm in St Croix County, Wisconsin.
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The Basic Structure of Social Accounting Matrix Models
Concerns about the assumptions underlying I-O and the structure of the model have
also spurred the development of the Social Accounting Matrix (SAM) and the Computable
General Equilibrium (CGE) models. The SAM was pioneered by Stone in 1961 but the
theoretical foundations are found in previous works (Kuznets, 1937; Leontief, 1941; Meade
and Stone, 1941). As shown in Figure 2.2, a SAM is a snapshot description of an economy
representing the circular flow of commodities and money during a given time period (the
base year) in a balanced fashion. It is essentially an accounting record for a whole economy
(not just transactions among producers) (Bulmer-Thomas, 1982 ). That is, the SAM is an
extension of the I-O model and therefore is part of the general equilibrium framework of
regional economic analysis. However, unlike an I-O (Figure. 2.1), the focus in a SAM
extends beyond producer-producer, producer-consumer, and producer-factor relationships
to include the broader realm of institutions. Institutions are defined as entities having the
legal right to ownership and hence are able to accumulate and provide services (Pyatt and
Roe 1977). Similar to I-O, institutions in a SAM usually include households, enterprises
(firms), and government. However, unlike an I-O, a SAM generally accounts for nonmarket
income and transfers in addition to all market flows. Hence, unlike an I-O, the SAM
explicitly accounts for all monetary flows in the economy and provides a consistent picture
o f the flow-of-funds accounts of the separate institutions (actors) in the economy.
The SAM is a square matrix with each row and column reflecting separate accounts
for a given entity, as shown in Table 2.2. Expenditures, as represented by the columns.
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and receipts, as represented by the rows, must balance in the matrix. Like the I-O, the SAM
is a fixed-price model in which supply prices are independent of the scale of production and
the circular flow of income within the economy can be interpreted in terms o f fixed-price
multiplier effects (Pyatt, 1988). Because the SAM model includes a more comprehensive
view of the circular flow of income than the standard I-O model, it requires the extension
of the fixed coefficients assumption regarding production to the coefficients o f all
endogenous accoimts."* The fixed coefficient assumption, which in interindustry inputoutput models is a fixed technology assumption, now must include the assumption that
various expenditure coefficients are fixed once those sectoral variables are treated as
endogenous (Holland and Wyeth, 1993). For example, there is an explicit specification of
the linkages between all sources of household income and household spending (unlike an
I-O) in a SAM. Therefore, the various household expenditure coefficients are fixed as well
as the relationship between these coefficients and the various forms of income.
Mathematically, an algebraic representation of SAM is essentially the same as an
I-O. In this case, the matrices and vectors are o f higher dimensions since more variables are
considered and more issues may be analyzed. For example, other institutions such as
government and investments may be included as rows and columns in highly disaggregated
and explicit formulation (Holland and Wyeth, 1993; Waters and Holland, 1996). Assume

Endogenous accoimts refers to those accounts that hold variables that are determined
within the model, and in the I-O tables to those accoimts that are made part o f the
interindustry matrix (closed (including) or open (excluding)) with respect to households.
Those accoimts that are not part of the A-matrix are then implicitly exogenous.
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households, government revenue, and employment are treated as endogenous. Given this
framework, various multipliers (e.g. household, employment, or value-added) can be
estimated. Hence, the total impact of a policy change on the entire economy can be
estimated. As an illustration, the result of treating households endogenously is a partitioned
SAM specified as follows;
Activities
Value-Added
Endogenous Institution

S=

A
V
.0

0O
0
Y

C
0
H.

(2-8)

where: S is the matrix of SAM direct coefficients,
A is the matrix of technical coefficients (analogous to the input-output coefficients),
V is the matrix o f value-added (VA) coefficients,
Y is the matrix of VA distribution coefficients,
C is the matrix of expenditure coefficients, and
H is the matrix of institutional and household distribution coefficients.
It is possible to represent demand and supply balance equations as

X
V
Y

S

X
V
Y

+

ev
.ey.

where: X is the vector of sector supply,
V is the vector of value-added by categories,
Y is the vector of household incomes,
ex is the vector of exogenous commodity demand.
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ev is the vector of exogenous value-added, and
ey is the vector of exogenous household incomes (Holland and Wyeth, 1993).
From (2-9), an (I-S) matrix can be constructed, which when inverted, is a matrix equation
showing the level of sectoral supply, value-added, and household income as a function of
exogenous variables or
X
V
.Y.

=

ex
ev
(I-S )-'
67 ■

(2 - 10).

Thus (I - S)‘‘ represents the matrix o f SAM inverse coefBcients. Notice that (I - S)"' is
similar to the (I - A) ' in I-O models, and that it is also a multiplier matrix, but now includes
more endogenous accounts. Hence, embodied in the matrix is the notion that the SAM
provides a more complete picture of flows in the economy. It also needs to be noted that
the assumptions of fixed coefficients in the I-O has been extended to other accounting
relationships in the SAM. Further, because the SAM runs a given policy “shock” through
more accounts, estimated changes in variable of interest are often larger than with the I-O
model. The effect of a change in say, agricultural output, (i.e., changes in ex in equation
2-10) on the levels of sectoral supply, value-added, and household incomes can thus be
examined (Holland and Wyeth, 1993).
The more complete relationships imbedded in a SAM also increases the accuracy
of inter-industry models. Researchers are forced to explicitly account for income and
product flow leakages out of and injections into a given economy from the outside world.
Because SAMs often divide households by income groups, differences in both the savings
rates and consumption mix of different income groups can be accounted for. For example.
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high income, middle income, and low income or urban and rural households might be
allowed to have different savings rates as well as have different marginal propensity to
consume different commodities (Stone, 1985; Cohen, 1989; Rose and Beaumont, 1989).
The SAM is particularly suitable for assessing distributional impacts o f programs
and policies across income groups. For example, in analysis of an income redistribution
policy, households may be disaggregated into high, medium, and low income classes.
Hence, a prime motivation for the development of SAMs has been the growing interest in
issues of poverty and basic needs (Dervis et. al., 1982). Such analysis is possible because
a SAM explicitly links payments to the owners of the factors of production, such as returns
to the owners of capital and labor, to consumption and savings activity across household
income groups.
Because SAMs are particularly suited to income and distribution issues, they have
found wide applications in developing countries in addressing issues of poverty, income
distribution, and meeting basic needs. Hence, the early practical application o f SAMs was
in countries such as Iran (1970), Sri Lanka (1970), and Botswana (1971-72). Other recent
applications of SAM, like the I-O, have included issues of structural change in Poland
(Roberts, 1995), rural industrialization in India (Parikh and Thorbecke, 1996), and
environmental policy impact in Indonesia (Resosudarmo and Thorbecke, 1996) and
Senegal (Taylor and Adelman, 1996), and economic-base determination in the United
States (Waters and Holland, 1996).
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The SAM is an extended I-O with more accounting for economic flows. Hence,
most o f the criticisms o f the I-O models discussed previously also apply to SAM models.
Thus the various attempts that are being made to make I-O models more realistic are
generally true for SAM models. However, because SAM models provide additional
pictures o f income and expenditure flows, concern with transboundary income flows are
often raised in regional SAMs. Ignoring transboundary income (income transfers in and
out of the region) flows implies the invocation o f a no cross-payment assumption, which
is often the case in I-O models. In addition, these extended income flows and household
disaggregation in a SAM also raises the question of how to adequately represent SAM
multipliers in a regional context. Rose and Stevens (1991) addressed the issue of
transboundary income flows providing several methods for its estimation at the regional
level. In this regard Kilkenny and Rose (1992) and Kilkenny (1990) identified and
explained the problem o f inadequate representation of trans boundary capital flows. These
two studies also suggest an inter-regional SAM distinguishing accounts by function,
behavior, and transboundary character of accounts as one way to overcome the capital
flows problem.
Pyatt and Round (1985) addressed the multiplier issue by demonstrating the
importance o f the linkage between the distribution o f income and the structure of
production. They also discussed several types of multipliers and their theoretical
justification. Rose and Beaumont (1988) demonstrated the relevance of the understanding
o f multipliers in a regional context. Recently, Holland and Wyeth (1993) provided a
discussion of the relationship between the structure of SAM linkage, multiplier
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decomposition, and the interpretation of the decomposition. They also demonstrate the
difference between I-O and SAM-based multiplier.
The Computable General Equilibrium Model
While the theoretical underpinnings o f a Walrasian general equilibrium was
formalized as far back as the 1950s by Arrow, Debreu, and others, the concept o f a
computable general equilibrium is a recent one. Numerical applications o f general
equilibrium as narrowly defined in applied work can be traced back to Harbeger and
Johansen’s applied work in Norway and in the U.S. (Kehoe, 1996). However, the current
widespread use of CGE resulted from the seminal work of Scarf (1967; 1973). Scarf’s
research established the crucial and necessary link between applied CGE and the theoretical
foundations laid by Arrow and others (Kehoe, 1996).
As indicated in Figure 2.2, a general equilibrium analysis of an economy may start
with two types of economic units: firms that produce goods and households that consume
them. Unlike partial equilibrium models, general equilibrium models such as I-O, SAM,
and CGE mirror the economy in a way most consistent with macroeconomic theory.
However, this consistency is arguably more realistic and explicit in a CGE than in either
an I-O or SAM.
The CGE model relies on assumptions reflective of behavior by economic agents
in the market place that are more in agreement with standard neo-classical economics. For
example, the firm (or industrial sector) is assumed to maximize profits. The household
(consumption sector) is also assumed to maximize utility subject to its income or budget
constraint. Households derive income from the sale of the services of the factors they own
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to the firms that employ them. Households and firms may be conceived as making
exchanges in two distinct markets. Most importantly, relative prices are allowed to change
because the general equilibrium problem is determining commodity and factor prices, thus
ensuring that supply equal demand in all markets. Unlike either the I-O model or SAM
model, endogenous prices are not fixed but are determined by market supply and demand.
For an economy with production, factor endowments and demands are specified as in fixedprice general equilibrium models, but production sets are also incorporated. Further,
supply constraints and or substitution possibilities are incorporated in a non-linear multi
sectoral supply-demand model (Dervis et.al, 1982; Shoven and Whalley, 1992).
Assume each consumer has an initial endowment of N commodities and a set of
preferences. Hence, a demand function for each commodity is obtained. Commodity
market demands depend on prices, and satisfy the usual assumptions o f continuity,
nonegativity, and of being homogenous of degree zero. In addition, market demands also
satisfy Walras law (i.e., that at any set of prices, the total value of consumer expenditures
including savings, equals consumer incomes).
In the typical CGE model, each commodity is associated with a production industry
sector. Production of sectoral gross outputs is related to inputs according to a two-level
“nested” production function. In the first level, the relationship between intermediate
inputs and between intermediate primary inputs—such as labor and capital—is specified,
usually under Leontief technology. At the second level, substitution between primary inputs
required for production is allowed, usually in a Cobb-Douglas (C-D) or Constant Elasticity
of Substitution (CES) production framework. In certain studies, intermediate inputs that
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are particularly important have been treated as primary inputs. On the production side,
technology is usually described by constant-retums-to-scale production functions. The sole
objective of producers is to maximize profits. Given that demand functions are
homogeneous of degree zero in prices and the linear homogeneity o f profit functions in
prices, only relative prices are of any significance in such a model. That is, the absolute
price level has no impact on the equilibrium outcome (Shoven and Whalley, 1992).
Thus, a simple representation o f the pure trade general equilibrium model can be
shown to be one in which N commodities, 1,....N, each have a nonnegative price P; ^ 0 and
where market prices are denoted by the vector P (p,,....p^). The term W, represents the
nonnegative economy-wide endowment o f the ith commodity owned by consumers and
assumed to be strictly positive for at least one commodity (Shoven and Whalley, 1992).
Also, assume a competitive market, where producers and consumers take prices p~as given.
Hence, the ith consumer consumption, x,, is chosen such as to maximize utility subject to
the budget constraint or
fj maximizes Uj(x,)
subject to

p(Xj-Wi)-Sj0jj/jj/7 ^ 0
x,eXj

(2-11)

where: 0s are strictly positive coefficients defining the share of the profits of producer)
attributed to the ith consumer, iq is a consumption set, and w^ represents the vector of initial
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endowments of commodities owned by the ith consumer. Consumers and producers take
p as given in a competitive economy.
For the production side of the economy, a given producer j chooses his level of
outputÿj to maximize profits:
yj maximizes py^
subject to
y,e Y,

(2-12)

where: Y, is a production set. Thus, consumption ( i]) and production

are allocations

that reflect prevailing prices, p. Excess market demand is given by
2, x^ - Sj

- 2j w

(2-13).

An equilibrium is obtained at a particular price vector p, with consumption vector
X,, and production vector ÿj supported by p, conditional on nonpositive excess demand and
zero prices for those commodities in excess supply or,
-^1 ■

ÿ) - 2j Wj ^ 0

p{ Ei r, - Sj y, - 2, Wj ) = 0

(2-14)
(2-15)

is a Walrasian equilibrium (Ginsburgh and Waelbroeck 1981). Given the existence of an
equilibrium as reflected in equation (2-15), ithas beendemonstrated

thatnumerical

computation of the underlying relationship of such an equilibrium stateis possible (Scarf,
1967, 1973).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

62

Because a SAM model depicts a market economy in a consistent manner, it usually
provides the initial conditions (equilibrium) for a CGE model. Besides forcing consistency
in data, this initial condition is a benchmark for comparative static exercises (Serra-Puche,
1984). Therefore, a CGE can reproduce the base year SAM using base year values for
exogenous variables (Koh et al., 1992). Thus, in most cases, the basic structure o f the CGE
model of an economy is partly determined by the structure of a SAM model o f that same
economy.
For a typical CGE, four major sets of equilibrium conditions are satisfied by
constructed benchmark equilibrium data sets: (i) equality of demands and supplies for all
commodities; (ii) no industry makes positive economic profits; (iii) all domestic agents
(including the government) demands are subject to budget constraints; and (iv) the
economy is in external sector balance (Shoven and Whalley, 1992).^ These four conditions
are not typically met in either input-output or SAM models largely due to the fixed-price
assumptions underlying both. For the I-O, the less than complete depiction of the workings
of an economy may also be difficult to overcome. For example, in 1-0 models, sectoral
income and expenditure accoimts are not usually explicitly formulated, and the exteraalsector balance is often residual and exogenous (Shoven and Whalley, 1992). In the SAM,
even though income and expenditure patterns including external financial transactions may
be explicitly formulated, the assumption of fixed-relative prices may make for inaccurate
adjustments in the economic system.

^However, recent applications, for example Kilkenny (1993a); and Nguyen and Wiggle
( 1992), have included the possibility of imperfect markets.
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To use general equilibrium models for policy analysis, it is necessary to solve the
models for the general equilibrium resulting from policy or other changes often external to
the local economy. The procedure most commonly used to select parameter values is
known as calibration (Mansur and Whalley, 1984). Applied models are usually calibrated
in such a way that they exactly replicate the initial equilibrium data in the presence of
existing policies. The calibration procedure has the property such that once specified, the
model will reproduce the initial data set as an equilibrium solution. Hence, generated
parameters can be used to solve for alternative equilibrium resulting from a policy.
Because CGE models usually involve more detail and complexity, the
computational nature and the numerical simulation involved in general equilibrium models
are more demanding than found in fixed-price models. Endogenous variables are solved
for directly using a variety of solution algorithms such as Newton, Gradient, Ralphson, or
fixed point algorithms. The most commonly used computer software package in current
applications is the General Algebraic Modeling System (GAMS). In GAMS, a variety of
solvers may be used to obtain the CGE equilibrium solution. The most popular o f these
solvers, MINOS (Modular In-core Non-linear Optimization System), is based on Wolfe’s
reduced-gradient algorithm (Jefferson and Boisvert, 1989).
Most applied CGE models are variants of static, two-factor models long employed
in public finance and international trade analysis (Shoven and Whalley, 1992). Most
models involve more than two goods. For example, the CGE used by Kraybill, etal. (1992),
in a multiregional study, includes five production sectors: agriculture, mining, apparel and
textiles, other manufacturing, and services. Berck, et al., (1991) used a fourteen-sector
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production model in their study of the regional effects o f reduced agricultural use o f water
in the San Joaquin Valley o f California. Berck et al.(1996) used a twenty-eight sector
model in examining the potential impacts o f defense cuts on the California economy.
In most CGE studies, factors of production usually fall into the two broad categories
o f capital and labor. In some cases, where the focus is on agriculture or other sectors, land
or other crucial imports are categorized as a separate factor. In some models, these factors
are aggregated into subgroups, for example, skilled labor and non-skilled labor. Also,
institutions may be disaggregated along certain lines, such as urban versus rural industry
or agriculture and non-agriculture institutions.
Regional CGE models reflect standard neoclassical economic theory and may yield
more accurate predictions than fixed-price models when properly formulated (Kilkenny,
1994). However, CGE may have limitations partly due to underlying assumptions and
structures. One difficult aspect of CGE is the problem of parameter specifications and the
resulting implications of the underlying assumptions in the functional relationships that are
often employed (West and Jensen, 1993; McKitrick, 1996). For example, elasticity and
other key parameter values play a key role in all model outcomes, and no consensus exists
regarding numerical values for most of the important elasticities. The calibration problem
is particularly acute in regional applications because regional parameters are rarely
available (Shoven and Whalley, 1992). In addition, the process of calibration raises several
econometric questions concerning degrees o f freedom and statistical properties due to
limited time-series data available for estimating most parameters. Further, basic CGE
models are static, forecasting changes based on the state of the economy at a particular
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point in time. Although attempts are being made to introduce dynamics into these models,
such efforts are limited by the paucity of data and the lack of adequate theory, especially
at the regional level (Beaumont, 1990; Waters, Holland, and Weber, 1997).
Also, some critics are still wary of applying CGEs at the regional level (West and
Jensen, 1993). Relevant issues of concern include the relative openness o f regional
economies which makes assumptions of CGE less applicable (and those of the 1-0 and
SAM more acceptable), labor market closure issues, and treatment of the regional
government sector (West and Jensen, 1993; Partridge and Rickman, 1996).
Therefore, a CGE is a process to finding numerical market values in an economic
equilibrium characterized by a set of prices and levels of production in each sector such that
the market demand equals supply for all commodities. It stressed the horizontal interraction
among economic agents, sub-optimizing autonomous behavior, and the working o f marketclearing process. Hence, the value of CGE is the opportunity offered to the analyst to use
numerical simulation, in complex but detailed framework, rather than working in restrictive
small dimensions of simple analytic models (Shoven and Whalley, 1992).

Construction of Regional Economy-wide Models
Construction of regional models often takes the greater part of the time and
resources of a regional modeler. But regional models are crucial to estimate regional
response of economic agents to changes in national or sub-national policies even if a policy
does not focus on a particular region. Several approaches are available to adequately
capture region-specific structures of the economy. Broadly, such approaches either start
at the national or regional levels using either primary or published data or a combination
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of the two. The choice between the two approaches is determined by resources available,
level of accuracy desired, and the specific focus of the research.
Data Methods
In the construction of regional impact models, a choice must be made as to how data
for some or all of the component elements of the models are to be gathered. The three
methods of collecting underlying data for regional models are the survey, ready-made, and
hybrid approaches (Jensen, 1980, and Bmcker et al., 1987).
Construction o f models based on survey data involves obtaining information on the
sectoral distribution o f regional purchases and sales to final demand of every sector of the
economy and on the imports purchased and exports sold by each sector. The survey
approach relies heavily on data availability for individual establishments, industrial
censuses, regulatory commissions, tax authorities, trade associations, and expert opinions.
National technical coefficients are rarely used and only when regional data resources are
unavailable (Bourque, 1990). The amount of data needed to construct survey-based tables
and the associated time, cost, and technical skill requirements are enormous. These types
of models are virtually non-existence in current practice because of these costs. The most
well known survey-based regional efforts in the U.S. have been the Washington InputOutput Models, which were constructed and up-dated until the late 1970s (Bourque, 1990).
In contrast to the survey-based models, there are nonsurvey-based so-called ready
made models. Strictly non-survey techniques attempt to depict regional transactions
without recourse to detailed primary data collection, using procedures that have been
described as essentially mechanical. In non-survey models, national coefficients (a region’s
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share of national production of goods and services) are modified based on aggregate
regional data to produce estimates o f regional coefficients using various approaches such
as RAS®, location quotients, regional purchase coefficients, supply-demand pool, or some
other statistical methods (West, 1990).
These types of non-survey based models are very common, especially in the U.S.
Some of the popular ones include ADOTMATR, RIMS, RSRI, GRIT (for Australia) and
IMPLAN. The IMPLAN modeling system, originally developed by the U.S. Forest
Service, is by far the most popular o f the ready-made approaches. These models are
relatively cheap in cost and time to utilize, especially with rapid advances in computer
technology. Limited evaluation of impact studies’ results across these models (IMPLAN,
ADOTMATR, RIMS, RSRI, and GRIT) suggest no significant differences in aggregate
estimates of output and income but large differences in estimates of employment change
(Brucker, etal., 1987, 1990).
Between the extremes of survey and non-survey models lie those models that
combine survey and non-survey data to depict regional economic structures. These are
called the regional hybrid models that combine survey information and other information
about a regional economy with a ready-made format, such as IMPLAN. Econometrics,
linear programming, published data, or budget approaches may be used to generate the
required coefficient. These coefficient are incorporated into a ready-made model to

*RAS is a method developed for updating 1-0 tables over short-term periods. It is used by
regional analysts to adjust national technical coefficients to the regional level. ‘A ’ denotes
national coefficient; ‘R’ are regional vectors; and ‘S’ represents fabrication coefficients.
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simulate policy impacts in the region(s) concerned. In current practice, especially in the
U.S., hybrid models are the preferred approach by regional analysts because they seem to
combine the advantage of cost-effectiveness and timeliness with reasonable accurate results
(West and Jensen, 1993).
Accuracv o f Regional Models
The increased use of ready-made models in regional models has brought increased
attention to the question of model accuracy. There is always the desire to balance time
requirements and cost with the desire for improved accuracy. In theory, regional surveybased models provide more accurate predictions whereas the ready-made models are prone
to the largest errors.
Jensen (1980) defines accuracy within the input-output regional modeling
framework in two broad terms. First, is A-type accuracy, which relates to the degree to
which an input-output table represents the unknown "true table" for the economy. The
sources of errors in this regard can be traced to data and table compilation. Second, is Btype accuracy, which refers to how well the constructed 1-0 table reflects the essential
operation of the underlying economy. Error sources in this case are largely due to erroneous
assumptions about the working of the economy and the structure of its component parts.
Two aspects o f A-type accuracy are partitive and holistic accuracy. Partitive
accuracy focuses on the cell-by-cell accuracy of the 1-0 table and the degree to which it
reflects "true" transactions in the economy. On the other hand, holistic accuracy emphasizes
the accuracy with which the table represents the main aspects of the economy in terms of
description and the preservation of these features. The degree of desirability of one type
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of accuracy over the other depends on the purpose for which the table is being constructed.
However, Jensen (1980) has shown that only the concept of holistic accuracy should be of
major concern to regional analysts since relatively small changes in values in a typical
model have little effect on overall model results. Model accuracy is also tied to model use.
As Hughes and Bairak (1996, page 395) state
"...assume that a major sector o f a regional economy is poorly represented in a
regional economic model, but that the model is an adequate representation in other
respects. For a general study o f the economy or fo r a study where the sector is directly or
indirectly affected in a substantial way, the model in question would lack holistic
accuracy".
Hence, the concept of holistic accuracy is related to the uses of the model for the question
at hand.

Regional Multipliers and Impact Analysis
The concept of multipliers play a key role in the understanding of regional economic
models because they define and form the basis of impact analysis. Multipliers are based
on the fundamental notion that one person’s expenditure is another’s income, and since
consumption usually increases when income increases, any extra expenditure feeds through
into a further expenditure. These effects become smaller and smaller amounts each time
around because of leakages of income to outside the region or system (Armstrong and
Taylor, 1985).
In input-output and SAM models, the coefficients o f the (I-A)'' and (I-S)"' derived
in equations (2-6 ) and (2-10) are multipliers. Hence, by summing columns of (I-A) ' or
(I-S) ' we may ascertain the total impact on all industries or sectors in the region of a one
dollar change in final demand for each of the regional industries or sectors. The matrices.
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(I-A)'‘ and (I-S) ' also enable the regional analyst to examine the degree o f linkages among
local industries or sectors.
Thus, the idea of multipliers hinges upon the difference between the initial effect
of an exogenous (final demand) change and the total effects of the change. The total effects
can either be captured in terms o f direct and indirect effects (as depicted in the open
Leontief inverse yielding Type I multipliers) or as direct, indirect, and induced effects (as
depicted in the Leontief (Type II) or SAM inverse matrix closed with respect to an
endogenous account such as households).’ Direct effects are the changes in the industries
to whom a final demand change was effected; indirect effects measures the changes in
interindustry purchases resulting from the new demands of the directly affected industries;
and induced effects are those changes in spending from household as income or population
increases or decreases due to changes in production (Miller and Blair, 1985). Multipliers
can be constructed in terms of output, income, employment, or value-added.
The multipliers themselves are strongly influenced by the closure rule(s) employed
in the analysis. Standard 1-0 poses a problem because neither place o f work factor
payments or indirect business taxes are traced to their respective place o f residence
household and institutional accounts (Holland et al., 1997). Thus, closing 1-0 models with
respect to households or government spending usually requires the often strong assumption
that all workers in a region also reside there.

’Other types of multipliers include Type III multipliers which use Type I results to generate
further changes in economic activity based on the effect of changes in employment. The
Type IV multiplier is based on differences in the patterns of spending between employed
local residents and currently unemployed local residents (Madden and Batey, 1983).
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In the SAM models, there is more flexibility in closing the models with respect to
household and government spending, total value-added, and investment. This is possible
because SAMs depiction of income flows traces factor payment and tax payments to
respective institutions in addition to adequately mapping investments and savings (hence
leakages) in the economy.
The major differences in impact results generated by I-O, SAM, and CGE models
are obvious in the nature of the multipliers yielded by these models. I-O and SAM models
produce linear multipliers, because both are linear representations of an economic system.
CGE models are based on a SAM framework. Due to the theoretical consistency in the
specification of production, consumption, and investment decisions of economic agents,
non-linear multipliers are normal in CGE.
The differences between the flexible price CGE and fixed-price SAM and I-O
multipliers are demonstrated in the following discussion based onRolland-Holst (1988).
Consider a generalequilibrium model with a continuously differentiablefunction of the
form,
y = F(x, y)

(2-16)

where; y represents endogenous variables and x are exogenous variables. Assuming an
economy in equilibrium, and given the interrelationship between endogenous (dependent)
and exogenous (independent) variables, total differentiation of (2-16) yields
dy = DxF(x, y)dx + DyF(x, y)dy
implying a multiplier given by
dy = [ I - D F(x, y)] ' D^F(x, y)dx
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= [ I - DyF(x, y)]-' Ax
= MAx

(2-18)

where: Ax = D^F(x, y)dx. At equilibrium, the multiplier shows the direct linkage between
changes in exogenous vectors and endogenous vectors effects and interdependence among
endogenous variables.
Most I-O and SAM based impact studies focus on restricted subsets o f endogenous
variables of particular interest to that study. However, such an approach ignores indirect
linkages involving other endogenous variables. Hence, equilibrium conditions may not be
adequately captured. To demonstrate the effect of this omission, partition the endogenous
variables into two components: (i) endogenous variables included in the analysis y, and (ii)
z, those endogenous variables that are ignored. The multiplier estimate is now a
simultaneous equation problem of the form
dy = Dj^F(x,y,z)dx + DyyF(x,y,z)dy + Dy^F(x,y,z)dz

dz = D^F(x,y,z)dx + D^F(x,y,z)dy + D^F(x,y,z)dz

(2-19)

where: Dy%F(x,y,z)dx = Dy^ denotes the matrix of partial derivatives (ôyj /ôx ,). The
resulting multiplier is given by
dy = [ I - ( Dyy + Dy,(I -

D ^ )]' [Dy. + D y , ( I - D . ) - ' D « ] d x = MyAx

dZ = [ I - ( Dy, + D3y( I - Dyy)-* Dy,)] ' +

^ ^ ' Dyy) ' Dy, ] dX = M,AX

(2-20)
(2-2l).

In the restricted version of the model, where the two vectors D,y and D „ are ignored,
equation (2-20) reduces to dy = ( I - Dyy)‘‘dx = M'y Ax. Hence, treatment o f the variable
set z could be expected to influence model results, even when those variables are not of
interest.
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Assume, as is generally done in I-O and SAM models, that y consists of quantity
variables, and z represents prices. The equivalent I-O/SAM multiplier in this case is ( I Dyy) ' and the fixed-price multiplier models estimate impacts assuming

is zero (i.e no

direct effects on prices). The implication is that in expression dy, excluded endogenous
variables (i.e prices) can be ignored if either DyOr

are zero. For example, if the price

elasticity of regional commodity supply of a commodity is infinite, changes in demand may
result in no changes in relative prices and the assumption is appropriate (Dy equals zero).
However, if regional commodity supply is less than infinite, then relative prices change and
may be important. In CGE, price effects are not ignored: hence, the effect o f an exogenous
change works through linkages that an I-O or SAM will ignore as price responsiveness in
CGEs imply additional feedback effects.

Previous Regional Studies
Although economy-wide models have been applied to a wide variety of issues in
national and international contexts, the focus here is on studies of regional economies. In
line with the overall objectives o f this study, the focus will also be on the following: (i)
models applied to agriculture, rural development, and environmental issues; (ii)
comparative studies utilizing fixed-price and flexible-price models; and (iii) studies o f the
CRP (a program similar to the WRP). The review is also mostly restricted to U.S.
applications.
Input-Output, Social Accounting Matrix, and Computable General Equilibrium
have become popular models in regional analysis. At the regional level, I-O has been the
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most utilized of the three models. However, SAM and CGE are becoming more popular as
ready-made models and supplementary primary data needed to construct both models
become available at the regional level.
Wersntedt (1995) examined the impact of regional environmental policy with
emphasis on distributional effects among rural households and urban households. He
examined both the short-run and long-run impacts of a policy to enhance and protect
anadromous salmon in the Columbia River Basin of the Pacific Northwest. Using an
IMPLAN model supplemented by secondary data on income in the area, an income matrix
based on Rose et. al., ( 1988) was developed. Price effects were introduced through a CobbDouglas production function (technology) to capture the long-run impact scenario of this
policy change. Initial policy impact, whether changes in final demand or prices, as well as
the time frame of the analysis (short or long-run) influenced the distribution o f economic
impacts among and between urban and rural household income groups. In addition, he
demonstrated in the analysis why attention to secondary impacts, often ignored in ordinary
project analysis, may be useful in regional policy analysis.
As indicated earlier in this study, an important concern for the regional analyst is
the issue of accuracy, especially when non-survey methods are utilized in impact studies.
This issue was one of the key concerns of the study by Hughes and Bairak (1996). This
study focussed on the impacts of agricultural exports on the Louisiana regional economy.
Since Louisiana produces many agricultural commodities for foreign markets in addition
to its port services, agricultural export is an important sector of the economy. IMPLAN
was used primarily as the modeling tool. A major concern was thus the reliability of
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IMPLAN’s agricultural export estimates since this has a bearing on the study’s holistic
accuracy. Hence, both unverified and verified estimates of foreign agricultural exports
impacts on the economy were examined. Their results showed that the unverified model
estimates o f foreign exports lacks holistic accuracy although this did not affect other, more
general uses of the model.
The WRP is an environmental management program that seeks to protect the
environment by taking land out of agriculture. Similar programs focusing on water use in
irrigated agriculture are common in several western states, including California and
Wyoming. In this context, Howe et. al., (1990) examined the economic impacts of
transferring water from irrigated agriculture to urban use in the Arkansas River Valley
region of Colorado. They used a combination o f econometric and input-output (IMPLAN)
models to analyze both the temporal pattern o f impacts of historical transfers and the
potential future transfers of water from agriculture to urban use. With regard to the
historical impacts, they found that the loss of state net income from reduced agricultural
activity was more than offset by cost-savings to the cities buying the water. Income losses
were projected to be concentrated in the rural agricultural areas, while the cost saving
occurred in the buying cities. With regard to the projection of future impacts, under most
of the scenarios examined, negative impacts (on income and employment) of the program
were more pronounced at the local level whereas these changes were insignificant at the
state level.
In contrast to these findings by Howe et al, Morgan and Mercer (1992) reviewed
several I-O and econometric studies of similar water policy (restricted agricultural use of
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water) in the San Joaquin Valley in California. The estimates of impacts were found to be
mfluenced by the type of model and the model structure. For example, in a study by
Wallace and Strong (1985) the impacts of reallocating water in the district was examined
using a static I-O formulation. Their results show a net reduction o f 85 percent of
production using a 15-percent recovery rate. The total direct, indirect, and induced impact
o f this reduction on the economy was found to be substantial and included significant
losses in residential property values. These losses were initially caused by the reduced
purchases in agriculture of production inputs, hired labor, or in use o f transportation
services.
The Social Accounting Matrix and the Computable General Equilibrium models
have been far less fi-equency applied at the regional level than I-O models. This fact is
partly the result of data limitation at the regional levels. The more extensive base data
required for the SAM and CGE are more readily available nationally than regionally.
Reinert and Roland-Holst (1988) presented a highly dissagregated SAM o f the U.S. This
study documented the data and techniques employed in the SAM to guide construction of
similar large-scale SAMs. Hanson and Robinson (1991) also discussed a U.S. national
SAM based on the National Income and Product Accounts. They highlighted the
accounting firameworks for integrating micro-survey data with macro-data firom the national
accounts. Such a national SAM as discussed above was used by Reinert and Roland-Holst
(1994) to examine structural change in the U.S. economy between 1982 and 1988. As
indicated earlier, few regional SAM have been constructed in the U.S. Fewer still are
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regional SAMs utilized for agriculture and related sectors. Most applications in agriculture
and related areas have been in forestry and related activities.
A current issue in regional SAlM construction is the adequate representation o f the
government sector in a regional economy and the effect of extra-regional income. Esparza
(1989) used a regional SAM of the California economy to examine the relative impact o f
defense expenditures. This study highlighted one of the growing issues of importance to
users of regional SAM; i.e., the correct specification and accounting for government
expenditures. Expenditures of federal defense and non-defense sectors and households
were used to trace the relative impacts o f defense spending in the regional economy. The
results showed that the benefit from defense spending is not evenly distributed,with
managerial and professional categories of wage earners disproportionately benefitting.
A study by Waters, et al., (1997) also highlighted the importance of adequate
representation of the growing importance of federal transfer payments to households and
extra-regional income. Their results indicated that federal transfers and extra-regional
income to households were the most important generator o f jobs in the Oregon economy.
In addition, exogenous state and local revenues was a more important variable than export
activity by most major industries in the state.*
Impacts of government policies or programs, such as the WRP, are rarely fully
known, a priori. In this context, Cubbage (1990) examined the impact of a proposed one
time timber harvest tax policy in Georgia based on a multi-sectoral SAM of the Georgia

*In the Louisiana SAM, these issues are addressed by the disaggreagation of the
government sector and the identification and mapping of government transfers.
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economy. To evaluate the policy, the tax increase was incorporated into the indirect
business tax payments of the forestry sector and expected changes in forestry output were
reflected in the forestry sector’s timber harvest levels. The results showed differential
impacts of the timber tax changes across production sectors and institutions. Output in the
construction sector, and the wood, paper, and furniture sectors increased while output in
all other sectors decreased. The tax policy was expected to result in income redistribution.
Medium and high income households experienced significant income loss compared to
small income gains for lower income groups.
Marcouiller ( 1992) used a supply-determined hybrid SAM to evaluate the economic
impact of forest productivity on the distribution of regional factor income in McCurtain
County, Oklahoma. He made extensive use of forestry-related primary data and secondary
data to verify and change the original (ready-made) IMPLAN SAM for the region. A
simulated scenario of the impact o f a timber production change (output increase o f $16
million) indicated a $7 million increase in regional factor income. Most of the increase in
regional income went to medium and high income households with the latter significantly
benefitting more from income resulting from forward linkages of timber production to
wood processing.
Studies by Marcouiller, et al., (1995) and Marcouiller (1996) examined the effect
o f land use policies on income distribution in local economies. These studies emphasized
the need to focus on changes in wages, and differential impacts on factor input ownership,
rather than the usual aggregates garnered from value-added and employment generated.
The results indicated that existing ownership pattern dictate who gains and who loses from
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a policy change. Also, the extent of gains or losses by a region depends on the level of
dependency on the resource (timber production, in this case). In addition, the magnitude
and distribution o f impacts in a region was influenced by production technology.
Most applications o f CGE models have been on policy effects at the national or
international levels. Most CGE models of the U.S. economy have been developed to
examine tax and trade policies following a general international trend. U.S. CGE models
have been used to address the impact of changes in agricultural export (Adelman and
Robinson, 1986), tax reform and land-use (Boyd and Newman, 1991), the distribution o f
technical progress in agriculture (Coxhead and Warr, 1991), the effect of farm and food
policies (Hertel, 1992), and the effects of unilateral trade liberalization on U.S. agriculture
(Hertel, et al., 1991).’
The most popular applications in U.S. agriculture are based on the Economic
Research Service (ERS)-USDA CGE (Robinson, et al., 1990), which is a 10-sector model
designed to analyze the impact on the economy of proposed changes in agricultural
policies. It is formulated to approximate the Walrasian, neoclassical paradigm (Robinson,
Kilkenny, and Hanson, 1990). Several other studies have utilized the ERS model to
evaluate various agricultural related policies such as Kilkenny and Robinson (1990);
Robinson (1990); and Hertel (1990).

’ Some studies have also been conducted using Activity General Equilibrium (AGE). AGE
models are similar to CGE models except that AGE assumptions about preferences of
agents are more general: i.e., allowing for concavity rather than quasi-concavity.
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Regional applications of CGE to agriculture, rural development, and natural
resource issues are few in number. Berck et. al., (1992) attempted to show that basic issues
in project analysis can be illuminated through a CGE model of the southern San Joaquin
Vzilley. The authors examined the effects of reducing irrigation water for agriculture on the
regional economy. Possible impacts were similar to the WRP policy in that there were
potential employment, output, and income effects o f removing land from agricultural
production. Models results indicated that diverting irrigation water from the region resulted
in a rapid decline in cotton and grain acreage, increases in acreage devoted to livestock, and
slight decreases in Valley GDP and employment.
Kilkenny and Schantz (1993) examined the metropolitan and non-metropolitan
impact of policies that place certain restrictions on natural resource use. The U.S. was
divided into metro and nonmetro regions comprising nine production sectors each trading
with the rest of the world. Raising royalties on mining, restricting forestry, and increases
in foreign tourism as a function of the forestry restriction were the three issues examined
with the model. Results showed that in most cases, resource use restricting policies had a
greater, often negative, impact on nonmetro regions.
Bemat, Jr. and Hanson (1995) studied the regional impacts of the elimination of
farm subsidy programs in the U.S. economy using a top-down CGE analysis. Industries
were aggregated into 32 sectors and regions in the U.S. were aggregated into metro and
nonmetro areas for the 4 U.S. census regions. A national level impact was first estimated
and then allocated to the regions using both shared and balanced approaches. Because the
balanced allocation approach attempts to account for the effects of linkages to local sectors.
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they found it better reflected what happens at the regional level. However, regional impacts
were magnified under the balanced approach relative to the shared approach when impacted
sectors at the national level were declining sectors that were important in those regions.
Sullivan et. al., (1997) used an IMPL AN-based CGE model to simulate the regional
economic impact of a reduction in timber harvest due to regulatory protection of the
Mexican Spotted Owl. They considered the effects of different assumptions about import
substitution elasticities, factor substitution elasticities, and labor mobility on model results.
Model results were sensitive to assumptions about factor mobility, but insensitive to
changes in capital and labor substitution elasticities, and to changes in import substitution
elasticities.
Comparative Studies
Most comparative studies of fixed-price and CGE models have concentrated on
showing differences in results produced by these models rather than indicating whether the
CGE is more appropriate than the fixed-price models. CGE results are judged to be more
accurate if the results generated are from a CGE structure that closely follows economic
theory. Few studies (e.g. Rickman, 1992; Hoffman, et al., 1996) have concentrated on ex
post comparative evaluation o f the fixed-price models versus CGE results.
A key objective of this study is to examine the effects o f alternative models in
assessing the impact of the WRP on the Louisiana economy. As discussed in Chapter One,
choice of model has important implications for results obtained in applications of regional
models. Some studies have examined the implications of model choice on regional impact
analysis results. Some o f these studies compared general equilibrium models, such as

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

82

economic base, I-O or SAM, while others have examined the implications of using the
fixed-price or partial equilibrium models rather than CGE.
Stout (1991) compared partial equilibrium and CGE models in agricultural
applications. Although he argued that partial equilibrium models fail to account for inter
sectoral effects that CGE models capture, CGEs specificity presents a limitation. Mutti,
et al., (1989) and Morgan, et al., (1989), in their studies o f effects of taxation on regional
economies, showed that partial equilibrium models were unable to adequately predict the
effects of taxes on regional labor and factors. This fact is because, unlike the CGE model,
partial equilibrium models cannot account for factor mobility. Similarly, Merrified ( 1990)
showed that the multiplier responses of economic base models differ from that predicted
by computable general equilibrium models. Waters and Holland (1996) used a SAM in
their study of what constitutes Oregon’s economic base. In comparison to an earlier similar
study based on a standard export-base model (Beuter, 1995), they argued that the SAM
provided results more consistent with economic theory.
Most studies of CGE versus fixed-price regional models have utilized an integrated
framework. That is, fixed-prices are embedded in the CGE models and the latter is reduced
to a SAM or 1-0. Despotakis and Fisher (1988) studied the role of energy in California’s
economy by simulating the long-run impacts of oil price changes under varying
assumptions about the structure of the economy. They embedded an 1-0 in the CGE
framework by making assumptions o f fixed coefBcients and fixed relative prices. The I-O
produced results that showed the economy to be more sensitive to exogenous shocks than
did the CGE.
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ïCoh et al., (1992) compared CGE to an I-O in analyzing the effects of changes in
the price of oil and gas on the Oklahoma economy in the late 1970s and the 1980s. Using
a CGE of Oklahoma's economy as a case study, they showed that fixed-price multiplier
analysis may have overestimated regional sector outputs and factor demands while
underestimating factor and household incomes.
Waters, et al., (1997) also compared a state-level CGE and its accompanying
imbedded I-O model of the Oregon economy to examine the impacts o f limiting property
taxes. Comparison of results firom the CGE under neoclassical and Keynesian closure rules
to results firom I-O showed that the fixed-price model predicted the smallest increase in
household incomes. The I-O also predicted negative changes in regional output and factor
demands as opposed to Keynesian closure (all positive changes) and neoclassical closure
(both positive and negative changes) because supply response to the shock was limited to
quantities rather than prices. Also, the fixed-price nature of the model lead to uniform
prediction of declines in output, employment, and investment across all sectors.
Hoffinann, et al., (1996) used a CGE model versus a SAM model to analyze the
effects of defense cuts on the California economy. The results of the simulated defense
expenditure reduction scenarios showed that the SAM consistently predicted larger impacts
than the CGE under the same scenario.
The Effects of the CRP on Regional Economies
There are currently no published studies on the regional effect of the WRP because
it is a relatively new program in only the fifth year of implementation. However, the CRP
bears many similarities to the WRP and has been evaluated by a number o f researchers.
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In the literature indicating the effects of the CRP on regional economies, only fixed price,
1-0 models and their variant have been used in examining impacts.
The impact o f a program such as the CRP is expected to be more strongly felt by
farm dependent communities or regions. Hyberg, et al., (1991) used IMPLAN based 1-Os
to study the impacts of the CRP on five industrial sectors at the national, regional, and local
levels. Distribution of enrollment figures for 1987 was determined by aggregation of
individual data from county, farm production, and regional levels. Trend analysis was used
to project future participation o f 45 million acres (the upper boimd on acreage enrollments).
Model results showed that at the national level, the CRP results in reduced regional
and national economic activity (Hyberg, et al., 1991). Overall, the agricultural production
sector was the most affected by the CRP. The agricultural processing sector experienced
a marginal decrease. The CRP was expected to have a minor impact on the household
sector and on other sectors. At the local and regional levels, the greatest impacts were in
the regions with large numbers of farming dependent counties and high rates of program
enrollment (Hyberg, et a h ,1991). The CRP reduced activity in the agricultural production
sector in all regions. Assumptions made about the source of rental payments, resource
mobility, and inter-regional flows were important influences of model results.
Siegel and Johnson (1991) examined the impact of the CRP on the Virginia
economy in a break-even 1-0 analysis. In traditional economic impact analysis, an I-O
model requires data on anticipated changes in final demand. In the absence of anticipated
levels of economic activity, the authors used break-even analysis in estimating the level of
an economic activity in the regional economy that would offset the negative impacts from
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a decline in other activity. The effects of acres enrolled in the CRP included reduced crop
production (modeled as changes in gross revenue). Positive impacts included the effects
of maintaining vegetative grass cover on the hay and pasture sector and on a grass seed
sector. CRP payments were modeled as income transfers from government to households.
The break-even program payment rate for farmers was $65 per acre (Siegel and Johnson,
1991). Any combination of CRP payments, rental payments by recreationists, and
expenditures by recreationists totaling $70 to $80 per acre could have achieved break-even
levels for regional employment and regional income.
Broomhall and Johnson (1991) employed an I-O model in examining the impact of
the CRP on the Georgia economy. They emphasized the regional effects of the program
as enrolled land was taken out of the program and converted to trees.

Total farm

expenditures for farm inputs in the region were estimated with crop enterprise budgets.
The impact of the CRP on total economic output and total employment in the region was
estimated with an I-O model constructed with IMPLAN. Under a zero migration scenario,
the impacts on the regional economy were mostly negative. With 10 percent migration,
there was also a negative impact on the output of the regional economy except toward the
end o f the program when farmers earn mainly annuity income.
Martin et al., (1988) employed an IMPLAN-based I-O analysis supplemented with
primary data in studying the impact of the CRP on three rural communities in Oregon. The
regional I-O model was used to examine impacts of changes in production spending,
changes in spending income generated through market services, and changes in economic
activity associated with consumer-oriented spending resulting from government rental
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payments. Model results indicated that individual farmers may benefit from participation.
Also, the communities will be adversely impacted if the retired land is relatively
productive. Similarly, the community will also be negatively impacted if decline in
purchased inputs were concentrated in the local economies. These negative effects may be
exacerbated if farmers retire and migrate out of the area.
Shepherd et. al., (1992) studied three counties in the rural communities in the great
plains states using I-O in conjunction with a dynamic econometric simulated model to
estimate the impact of the CRP. The simulation model used involved a system o f 73
recursive equations and was driven by final demand equations incorporating 1-0
technology assumptions to project the output of industrial sectors. The model also estimates
employment, population, and income levels, which were then used as starting points for the
solution of values in the next year.
Two simulation runs were made for each county (Shepherd et.al., 1992). The first
is a baseline run that assumes the CRP was not introduced. The effect o f the CRP was
then simulated under the assumptions that no other enterprises were to be started nor other
types of agricultural production expanded or intensified. The result showed that each of
the three counties considered had a different reaction to the CRP. While the impacts were
generally negative, counties dependent on agriculture and counties that were regional trade
centers were the most adversely affected.
Behavioral Models of the CRP and the WRP
The preceding review has concentrated on impact analysis models because the focus
of this study is to examine the effects o f the WRP on the entire Louisiana economy. But
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other studies have examined the CRP and WRP in either a regional or national context
using behavioral approaches, mostly under a neoclassical framework. These studies are
usually predictive models whose results can provide baseline information for exogenous
levels o f changes in impact models. Behavioral models often use normative or positive
approach to model participation decisions.
Normative land studies estimate land allocation usually based on specified
behavioral objectives, such as maximization of net revenue (Park and Kramer, 1991).
Examples of studies based on such models include Kramer and Shabman ( 1986), Heimlich
(1990), and Carrey et. al., (1990). In positive models, the decision to enroll acres in the
program can be either discrete or continuous (Park and Kramer, 1991). Examples o f these
types of models include analysis o f program participation (Esseks and Kraft, 1988),
analysis of acreage enrolled (Konyar and Osborn, 1989), and simultaneous analysis o f both
participation and acreage enrollment (Hardie and Parks, 1991). Few positive approaches
have examined the WRP using actual data.
A study by Diagne (1996) used actual data obtained via mail survey. A multi
disciplinary approach was developed to evaluate landowners participation decisions in the
WRP. Hence, in this study of Louisiana WRP participation, the usual explanatory socio
economic variables were extended to include psychological constructs using environmental
attitudinal measures. Probit and Tobit models were used to analyze the primary data.
Results showed that the acreage o f wetlands owned, the level of information about the
WRP, respondent’s involvement in environmental organizations, educational level, income.
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the number of people living in the household, and environmental attitude were significant
variables explaining Louisiana wetland owner’s participation decisions.
It should be noted that although behavioral models can provide inputs to impact
models, each set of models often address similar issues from different perspectives and with
different objectives. While predictive models can forecast levels of participation and raison
d ’etre, they are partial equilibrium models. Impact models are limited in their predictive
abilities but they provide a better picture of economy-wide effects of programs or policies.

Summary
In this chapter, two broad categories of regional impact models, sectoral and
economy-wide models, were identified. Sectoral models are limited in their analytic
approach because they are often short-run static models focusing only on one or a few
sectors of the economy. Economy-wide models, such as I-O, provide more insight into the
regional economy because they focus on both intersectoral linkages and other regional
economic flows. Because the focus o f this study is on the three most common regional
models, I-O, SAM, and CGE, a more detailed discussion of their theoretical foundations
was provided. Finally, a review of relevant studies utilizing these three models, particularly
in a regional context, was provided.
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CHAPTERS
THE STRUCTURE AND SPECIFICATION OF THE LOUISIANA EC O N O m C
MODELS
In this chapter, the framework for implementing the empirical economy-wide
models—I-O, SAM, CGE—are discussed. Also discussed is the construction o f the direct
impact of the Wetland Reserve Program (WRP) that is evaluated with each of these models.
The empirical structures of the Louisiana frxed-price models (I-O and SAM) and the CGE
are explained in detail. Because these regional models are based on particular structures
(accounts), these accounts are also described in detail. Accounts are model vectors used to
collect the revenues/income or expenditures/expenses of economic agents. Similarities and
differences between accounts in the 1-0 model versus accounts in the SAM are discussed.
The three general equilibrium models used in this study share many similarities in
basic accounting structure. In particular, the input-output (1-0) model is imbedded in the
Social Accounting Model (SAM). Therefore, all the sectoral and institutional accounts
present in the 1-0 are also part of the SAM model of the same economy. The SAM is also
the initial starting point for building a Computable General Equilibrium (CGE) structure
of the economy under consideration. Hence, in the following section, the description of the
1-0 model often holds for the SAM model.

Fixed Price Models: Louisiana I-O and SAM
A SAM model of an economy is an extension of an 1-0 model of an economy.
Therefore, the specification adopted for both models is similar. Initial accounts for both
fixed-price models were generated using IMPLANPro 2. IMPLANPro 2 is the latest
89
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version of the IMPLAN, I-O ready-made model building software. As discussed in
Chapter Two, ready-made models are constructed from published data and a national I-O
table. For consistency with available regional data and expert opinions, some o f the
accounts were either replaced or modified to meet the goals of this study. Hence, the final
models are hybrid models, that is, ready-made models that have been supplemented with
primary data and secondary data to improve accuracy.
To understand either a SAM or 1-0 model, it is necessary to examine the imderlying
accounts. These accounts include production accounts by industries, factor accounts,
accounts of institutions, accounts of households, investment accounts, and trade accounts.
These accounts are a crucial part of equilibrium models because equilibrium, by definition,
implies at least one measurable flow in the model is in balance and remains so following
perturbation in any part of the model (Kraybill, 1994). For a regional model in equilibrium,
all of the underlying accounts are initially balanced. The structural relationships of the 1-0
and SAM accounts in the models as shown in Tables 3.1 and 3.2 are therefore a necessary
starting point for use of both regional models.
Expenditure fColumn) Accounts
Expenditure accounts, a column in Tables 3.1 and 3.2, are payments made by the
sector or institution represented in that column to the receiving sector or institution in the
respective row. In the fixed-price models, these include payments made for intermediate
goods and services by industries, payment made by industries to factors o f production,
payments to institutions, such as households and governments, and payments to
investments.
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Table 3.1: Input-Output Accounting Structure for Louisiana, 1993.
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Table 3.2: Social Accounting Matrix for Louisiana, 1993.
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Production (Intermediate Demand) Accounts

Production accounts record payments made by the industry—in a given column—
to other industries in the corresponding row for inputs purchases used in its production
(Miller and Blair, 1985). As discussed previously, the interindustry matrix of an I-O model
represents a simplification of relationships among different sectors of an economy. Such
representation often involves stringent assumption including assumption about technology
and commodity input structure. In practice, an industry may produce more than one
commodity, which may also be inputs to some other industry’s production activity.
There are two alternative ways o f depicting product flows in an I-O model. First,
is the classification by industry accounts, which records total output of an industry as the
sum of all establishments assigned to that industry solely on the basis of the Standard
Industrial Classification (SIC) code classification o f its primary (most important) product
Second is the classification by commodity accounts, which records total output of an
industry according to the characteristic product o f the industry whether the product is
produced as a primary or secondary good (Miller and Blair, 1985). In the latter
classification, the production account is depicted in a commodity by industry format. The
Louisiana SAM and I-O models were based on the industry by industry format that shows
product flows between industries as opposed to the flow of commodities to industries. The
industry by industry format depends on the industry-based technology assumption, where
an industry has the same input structure, regardless o f its output product mix (Miller and
Blair, 1985). There are 528 industrial sectors available in the 1993 IMPLAN model
building software, but all of these sectors may not exist in a region. In the Louisiana
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models, only 416 industrial sectors actually produce commodities. The general practice is
to aggregate industrial sectors depending on the context of the problem being addressed.
Aggregation is often necessary because it may be computationally expensive to do
otherwise, especially for a CGE model. Further, the need to focus on the particular
problem at hand means more useful information may be obtained from aggregating sectors
with similar structure (Miller and Blair, 1985).
Factors Expenditure Accounts
The traditional economic definition o f factors of production includes land, labor,
and capital. In typical interindustry models, capital and labor are designated as factors of
production, with land included in the capital account. IMPLAN follows this convention.
Factor payments are comprised of employee compensation (returns to labor), proprietary
income (returns to labor and capital), other property income (returns to capital), and indirect
business taxes. Employee compensation includes all payroll cost of each industry in the
region, that is, wages and salaries, and employee benefits such as health and life insurance,
retirement payments, and non-cash items. Proprietary income is made up o f payments
received by self-employed individuals as income. Hence, proprietary income is a return to
both capital investment and labor by owner-operators. Other property income consists of
payments individuals receive from rents, royalties, and dividends and corporate profits,
retained earnings, and depreciation by corporations. Indirect business taxes (IBT) consists
of excise and sales taxes paid by individuals through businesses. That is, IBT are taxes that
are imbedded (included) in prices (IMPLAN Group, 1996).
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Factors of production are included in the categories of labor, capital, and land in
the Louisiana models following the convention for CGE and SAM models that have
emphasized agriculture at the national (Robinson, et al., 1990) and regional (Kilkenny,
1993a) levels. Land is treated separately because in CGE models that focus on agriculture,
land is a variable showing reallocation of activity between various sectors.
Factor account columns represent factor expenditures in the study period as is
typical for I-O models. Factor (value-added) expenditure/distribution accounts are absent
in the Louisiana I-O model. In the Louisiana SAM, these accounts include expenditures
made for factor income disbursements to institutions, taxes paid by factors, depreciation
expenditures distributed to capital account, and import expenditures for factor services
(factor payment leakages out of the region).
Institutional Expenditure Accounts: I-O versus SAM
Several of the institutional expenditure accounts are found in the SAM models but
not in the I-O models. Institutions are defined to include households, government,
investment, and savings accounts. In the SAM, it is common practice (depending on the
goal of the study) to map industry payments to households through factors and institutions
(Roland-Holst, 1990; Koh et al., 1992; Marcouller, 1992). This practice is done for
accounting convenience and for ease of depiction of the real flows within industries. In
reality, households receive their income directly from industry (Holland and Wyeth, 1993).
This particular formulation in this study also overcomes the "brain-dead SAM"'° found in

'°The Brain-dead SAM issue refers to the inadequate mapping of industry payments to
factors as direct source of income to households.
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the current ready-made IMPLAN SAM. These SAMs are said to be brain-dead because
there is no explicit correspondence between detailed sectoral value-added receipts by
factors from industry and the factor disbursement sub-matrix, which contains only
aggregated allocations of factor receipts by institutions (Sullivan, et al., 1997).
Alternatively, value-added payments by industry to institutions are a scalar rather than a
vector. Hence, the impact of different industries, with vastly different levels of payments
between low, medium, and high household income groups, on the overall distribution o f
income in the region can not be assessed.
The Louisiana SAM model includes labor, property, and enterprise as institutions
and also includes institutional accounts (households, government, and capital/savings)
found in the Louisiana 1-0. Following the approach used in the USDA-ERS SAM
(Robinson et al., 1990), labor as an institution receives and distributes labor payments to
households (owners of labor) while property as an institution receives and distributes land
income to land owners. The enterprise institution disburses capital income to owners o f
capital in addition to accounting for enterprise savings (Robinson et al., 1990).
Household Expenditure Accounts
Depending on the goals of a particular study, household expenditures in a region
are often divided into two or more classes either along income lines such as low, medium,
and high income level groups, or along functional lines such as urban and rural households
(Marcouiller, 1992; Berck, et al., 1996). This study adopts the three income classes o f low,
medium, and high income, which is standard in the IMPLAN SAM and the USDA-ERS
SAM (Robinson et al., 1990) model o f the U.S. economy.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

99

Household expenditure accounts are part of final demand in both I-O and SAM
models. In the Louisiana I-O, these expenditures include personal consumption
expenditures on goods and services produced by the nine industrial sectors, taxes paid by
households, and imports o f goods and services by Louisiana households. In most basic I-O
model formulations, the government row account is absent, therefore, taxes may not be
explicitly accounted for. In this study, the inclusion of government accounts allows for
limited accounting for taxes (IBT and household taxes), thus enabling a more realistic
comparative analysis with the SAM and CGE models. The Louisiana SAM adds
households and inter-household transfers of income, such as gifts from one household
group to other household groups.
Federal Government Expenditure Accounts
The column values in these accounts are another category of final demand in the
fixed price models. In IMPLAN, expenditures by the federal government in a region are
divided into military and non-military purchases (IMPLAN Group, 1996). In the Louisiana
fixed-price models, these two accounts are combined to form a single federal government
expenditure account. In the Louisiana SAM, federal government expenditures include
federal agencies’ purchase of goods and services from industrial sectors; transfers to
households, other institutions, and state/local government; and import purchases or income
transfers out of the region. In the Louisiana I-O, transfer to institutions and income out of
the region accounts are absent. Thus, income transfers are not explicitly mapped, which
is a limitation in representing economic flows in a standard I-O model.
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State/Local Government Expenditure Accounts

State and local government expenditures in IMPLAN include purchases for
educational and non-educational uses (IMPLAN Group, 1996). These categories are
combined into a single state/local government purchases category in the Louisiana I-O and
SAM models. The structure of these government accounts are similar for both models,
except that in the Louisiana I-O, unlike the Louisiana SAM, there are no inter
governmental transfers payments.
Investment (Capital) Accounts
Capital (investment demand) accounts are also part of the final demand category
in regional models. In IMPLAN, investment demand accounts are defined to include
inventory purchases and capital formation purchases. For each industry, inventory
purchases are purchased commodities that are not used in the current year production while
capital formation are expenditures made on durable goods or capital equipment (IMPLAN
Group, 1996). These two capital accounts categories are combined into a single capital
account in the Louisiana I-O and SAM models for the nine industrial sectors.
Rest of the World (ROW) Expenditure Account
The ROW expenditure accoimt holds imports of goods and services by regional
industries, households, and government imports of goods and services. It also includes
transfers out of the region by regional economic agents, such as personal remittances
(transfers by Louisiana households to out-of-the state persons). Other components o f this
account include capital income leakages and labor income leakages, and imported
investment goods and services. In the IMPLAN SAM, ROW expenditures consist of
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foreign exports, which are the value of purchases by regional consumers (households and
firms) of goods and services produced outside of the U.S., and domestic exports, which are
the value of purchases by regionzil consumers of goods and services produced elsewhere
in the U.S. These two accounts are consolidated into a single export account in the
Louisiana 1-0 and SAM models. Although not often explicitly stated, the I-O ROW
account also hold the record of capital income and savings as pure leakages from the
Louisiana economy.
Revenue {Rowsl Accounts
Revenue accounts ( rows in I-O Table 3.1 and SAM Table 3.2) are income received
(earned or transfers) by the sector or institution represented in that row from the paying
sector or institution in the respective column. In the Louisiana I-O and SAlM models, these
accounts include income received by industries for sales of intermediate and final goods
and services, income received by factors o f production as value-added payments from
industries, and income received by institutions, such as households, governments, or
savings, from various sources.
Production (Intermediate Sales) Accounts
Intermediate sales accounts are a mirror image of the intermediate purchases
accounts. That is, a particular entree represents purchases by one regional industries and
sales by another regional industry. The intermediate sales portion o f a given row describes
sales by the industry in question to all other regional industries. In both the I-O and SAM
models, all purchases made by each of the nine industrial sectors from other regional
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sectors are also sales revenues earned by the same nine sectors. Thus, the interindustry
matrix is always square.
Value-Added Revenue Accounts
Value-added accounts show the distribution o f payments (wages, interests, profits,
and IBT) by the nine industrial sectors to the factors of production. Value-added accounts
are similar to the factor expenditure accounts. As indicated earlier, IMPLAN’s four
categories are realigned as payments to labor, land, and capital, consistent with economic
theory and the goals of this study.
It is common practice (Koh, 1991; Kraybill, 1992; Marcouiller, 1992) to assume
that employee compensation is the same as labor income, and to assume proprietary income
is capital income for non-agricultural sectors. For agricultural sectors in both the I-O and
SAM models, total value-added, excluding indirect business taxes (IBT), is allocated
between the factors of production o f land, labor, and capital. The non-agricultural sectors
are treated in a similar manner except that land is not designated as a separate factor of
production.
Institutional Income Accoimts
Institutional accounts are either absent or incomplete in the Louisiana I-O but are
included in the Louisiana SAM. Institutions in the Louisiana SAM received payments
firom the corresponding factor categories. These accounts also received transfer payments
fi"om both federal and state/local governments.
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Household Income Accounts

Explicit household income accounts are absent in I-O models. Hence, unlike the
Louisiana SAM, the Louisiana I-O accounts for payments to households by industry
through value-added accounts (factor payments). The impact of household spending is
accounted for through closure in I-O models that results in the well known Type II
multiplier (Miller and Blair, 1985). The model is ‘closed’ with respect to household by
treating household and all or part of value-added payments as part of an aggregated Amatrix (which is then used to estimate the I-O multiplier matrix). Closure is based on
assumptions about the relationship between household spending and components o f valueadded that go to regional household income.
In the I-O model, closure has taken the form of either including total value-added
or earnings (proprietors income plus employee compensation) as the row component in the
augmented A-matrix. If total value-added is used, household spending is assumed to be a
function of Gross State Product (GSP). Such an assumption may be a limitation because
one part of value-added, IBT, goes directly to government. Other property income, another
part o f value-added, includes retained earnings and depreciation charges that firms retain.
Thus, use o f total value-added would be expected to lead to an over-estimation of regional
economic multipliers (Holland and Wyeth, 1993). On the other hand, use of earnings as
expenditure base is also a source of concern because regional firms do make payments to
regional households in the form of dividend and royalty payments and such payments are
part o f other property income. Hence, an earnings based multiplier may tend to
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underestimate the impacts o f household spending on regional economic activity (Holland
and Wyeth, 1993).
Two other related issues also point out other possible weaknesses in traditional I-O
and sometimes in SAM models. One is the no cross-boundary payments assumption that
all factor payments go to regional residents (Kilkenny, 1990). In as much as regional
workers and providers of regional capital reside elsewhere, regional models will lead to an
overestimate o f regional impacts (Rose and Stevens, 1991). Further, as usually accounted
for in the SAM but not in the I-O model, regional household spending is supported by
income earned elsewhere (regional residents who work elsewhere and invest capital outside
the region) and by various forms of non-eamed income. Non-eamed income is any income
received but not earned in the marketplace, such as government transfer payments to
individuals and gifts from one individual to another.
The structure of the SAM, as constructed in this study, allows for explicit mapping
of household income from three economic perspectives: value-added, non-household
institutions, and households. In the Louisiana SAM, payments received by each household
category include institutional income distribution, payments between the three household
income groups, government income transfers to households and enterprises, and
remittances from out of the region to households and governments. Therefore, the
multiplier effects o f an exogenous change in the SAM when closed with respect to any or
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all of these perspectives, allows for both the open loop and close loop effects" often
observed in the SAM.
Federal Government Revenue Accounts
I-O models generally do not include government as an income-receiving sector
except for IBT. For I-O models with a government sector (Wolff and Howell, 1989), it is
usually a single consolidated account for all levels o f government. In the Louisiana I-O,
a single consolidated government sector is used. In the Louisiana SAM, the government
sector is disaggregated into two levels of government (federal and state/local). The federal
government sector in the SAM receives income from businesses in the form of IBT, tax
revenue from factor accounts, corporate tax revenue, personal income tax revenue from
household accounts, and out of region remittances. For the consolidated state/local
government sector, the revenue sources are the same as those of the federal government
except that state/local government also receive direct transfer payments from the federal
government.
Capital (Savings) Account
As mentioned in the discussion on the ROW expenditure account, savings are
usually treated as pure leakage in regional I-O models and thus accounted for in the ROW
account. Because of this treatment of regional savings, a consolidated capital account is
often constructed to accommodate savings and ROW receipts; and when capital income is

‘' Open loop multipliers describe the effects of an external shock that is transmitted to other
blocks o f the SAM matrix and end there (i.e., there is no feedback to the sector of origin).
Close loop multipliers describe effects which originate from a given block in a SAM and
then ultimately fed back into the block of origin (Holland and Wyeth, 1993).
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also considered a pure leakage, the leakage account combines capital income, savings, and
ROW accounts (Kraybill, 1994). Thus, the savings accoimt is implicitly present in the
Louisiana I-O (as part o f the ROW account) and explicitly present in the SAM model (as
part of a separate capital account). In the Louisiana SAM, the sources o f savings include
household savings, government savings, net capital remittances and transfers, and
depreciation and retained earnings by enterprises.
Rest of the World (ROW) Revenue Account
In the Louisiana hybrid SAM, the rest of the world (ROW) account consists of
exports out o f the region and earned income received by regional economic agents from
out-of-the-region sources. The latter includes net out of region investments in the capital
account encompassing items such as dividend payments to residents for capital investments
made outside of the state and returns to out of region savings by regional economic agents.
It also includes out-commuter wages, that is, earnings of Louisiana residents working
outside of the region. In addition, the ROW revenue account also includes government
earnings from sources outside of Louisiana.

The Structure of Louisiana CGE
In the Louisiana CGE (LACGE) model, there are two economic regions, Louisiana
and the rest o f the world (ROW), which includes the U.S. and all other countries. Economic
agents operating in the two regions consist of producers, private households, state/local
government, and the federal government. Also, the model is static. Thus, policy impact
simulation will yield comparative static results.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

107

The initial equilibrium data for the LACGE model are based on the schematic
representation and the underlying structure provided in Table 3.2. The structural
relationships in the CGE are more complex in several respects. The functional relationships
in production, consumption, and trade are generally non-linear in the CGE model. In the
SAM and I-O (fixed-price) models, linear functional relationships are assumed to hold
(Kraybill, 1994). All three models are also Walrasian, meaning equilibrium in all markets
result when excess demand is zero at positive prices (Shoven and Whalley, 1992).
However, in the CGE model, many prices are endogenously determined while all prices are
exogenous (given) in the I-O and SAM.
In CGE models, as in economic theory, only relative (as opposed to absolute) price
changes have any effect on decisions made by economic agents. Because a linear
transformation of all the endogenous variables by a positive constant still yields an
equilibrium (although, theoretically, multiple equilibria are plausible), the particular price
chosen does not affect the result. Therefore, in most CGE applications, a choice is often
made as to which price serves as the reference price for all other prices, i.e., a numeraire.
Hence, depending on the study, it has been convenient to choose the consumer price index,
prices of domestic goods, wages, exchange rates, or even a weighted sum of prices as the
numeraire good. Because the LACGE is a regional model, the exchange rate is used as the
numeraire good, following Sullivan et al., (1997).
Production
For the LACGE, the production process is based on the neoclassical economic
theory of perfectly competitive markets. Such an assumption is standard for most CGE
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models, especially at the regional level. In any event, product prices and production costs
are mherently linked in CGE models, given optimal behavior of economic agents.
The production process is assumed to take place in a two-stage process. In the first
stage, producers select optimal quantities of land, labor, and capital such that, in general,
sectoral input use (for all sectors or industries i = 1

n) and sectoral output is specified

as
V A D i=fi(L B i,L N i,F C T i)

(3-1)

where: VAD; is value added in sector i; LB; is amount of labor employed (demanded) in
sector i; LN; is amount of land used in sector i; and KT; is amount of capital used in sector
i.
The choice of functional form underlying equation (3-1) depends on the production
technology assumed and the researcher’s choice. In practice, the two most common
technologies of production often chosen are the constant elasticity of substitution (CES)
and the Cobb-Douglas (C-D) forms ( Devis et. al., 1982).
The CES production function has the advantage of being flexible in terms of
accommodating substitution possibilities between the different factors of production. The
CES production function also allows elasticities of substitution to differ from each other.
In addition, more input categories can theoretically be modeled in the production process.
However, the flexibility of the CES production function also increases its complexity. The
CES production function is often mathematically intractable when more than two
production inputs are involved. In addition, the CES production function requires more
parameters, and thus more variables to calibrate (Partridge and Rickman, 1997).
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On the other hand, a C-D production function gives less room for substitution
possibilities and is, therefore, less theoretically appealing for certain production processes.
The elasticity of factor substitution in a C-D production function is unitary. However,
unlike the CES production function, the C-D functional form is relatively tractable in
numerical calibration. Also, for a similar production process, fewer parameters are needed
to calibrate a C-D production function than a CES production function. In most CGE
applications, the C-D has been the functional form of choice (Shoven and Whalley, 1992).
Therefore, the explicit production function assumed to underlie equation (3-1) is a
Cobb-Douglas production function
X, = a,LBiP“ LN>" KTjP'"

(3-2)

where: Xj is domestic output of sector i; Uj is a production function shift parameter
characterizing the underlying technology; and Pj,,

Pj^ are value-added shares o f the

primary inputs of labor (LBJ, land (LNJ, and capital (KTJ.
In the second stage, firms choose the intermediate inputs in combination with the
primary inputs using a fixed-proportion Leontief production technology. Other production
technology may be used at this stage. However, in most regional applications, the Leontief
technology is the preferred choice (Partridge and Rickman, 1992).

The relationship

between output and intermediate production is such that
Xj = min(INTi/ a^j, VAD; /v d j

(3-3)

where: INTÿ is industry i’s use o f commodity j, that is, intermediate input demand; a^j
is direct unit requirement o f industry i’s o f commodity j; and vdj is the value-added
coefficient of sector i. Given a Leontief technology, equation (3-3) implies
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INTj = a^jXj

(3-4),

which specifies the relationship between intermediate input use and the final output in
sector i. This two-stage specification of production allows for substitution possibilities
between the primary factors of production o f labor, land, and capital. However, no
substitution possibilities exist between primary inputs and intermediate inputs nor between
various intermediate inputs. In some regional applications, intermediate inputs o f special
importance, such as logs from the forest products sector, are treated in a manner that allows
for substitution between it and primary factors o f production (Sullivan et al., 1997).
Factor Markets
Most regional CGE models are premised on the assumption of neoclassical
economics that markets are in competitive equilibrium. Nonetheless, within the
neoclassical framework, there exists some flexibility in modeling factor relationships in
terms of mobility between sectors and across regions. The choice of optimal levels of input
demand by producers is determined in the input markets (Henderson and Quandt, 1980).
In actual CGE models, the degree of flexibility is dictated by data availability and the focus
of the research.
Economic theory suggests that the profit-maximizing entrepreneur maximize profit
or minimize cost to earn zero after-tax economic profits such that
Hi (LB,LN,KT) = NPi Xi - WiLB; - RNiLN; - RK^KTi

(3-5)

where: H, is a profit function characterizing the profit motive of the managers in sector i;
NPj is the net price (net of intermediate input costs and IBT) or value-added price in sector

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

I ll

i; W, is the wage rate in sector i; RNj is the rental price of land in sector i; and RT; is the
rental price of capital in sector i.
Given that equation (3-5) is well behaved, first-order conditions (FOC) for profitmaximizing behavior by producers yield consistent input-demand functions, which can be
solved for optimal levels of input-use, assuming second-order conditions (SOC) are
satisfied. Hence, in the factor markets the following conditions hold:
For the labor markets,
MVPLBi = Wi.

(3-6)

that is,
N P ,M P lb . =

W,.

(3-7)

and thus the optimal labor demand is given by
LB,= p„NP,X,/W,

(3-8)

where: h^fVPLBi is marginal value product of labor in sector i. In the LACGE, the average
wagerate is assumed to be the same across sectors since labor is notdifferentiated. Given
equation (3-8), the aggregate labor use in all the sectors in the region is defined by
LB = SjLBi

(3-9).

For the land markets, the FOC also yields optimal land use in each sector as
LN i=Pi„N P;X i/R N i

(3-10)

and aggregate land demand in the economy is then given by
LN = 2iLNi

(3-11).

For the capital markets, the optimal capital demand based on the FOC is estimated as
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KTi = PikNPiX./RTi

(3-12)

and aggregate total capital utilized in the region is given by
KT = SiKTj

(3-13).

Income Generation
Agents in the economy derive income from several sources including factor
payments (income), institutional distribution of after-tax income, transfers from other
institutions, and remittances from the rest of the world.
For factor income, the factor market generates income (factor payments) for factors
of production (labor, land and capital) that are employed in the region. Among the three
factors, labor income (LBY) is specified as
LBY = SiW iL B i

(3-14)

while land income (LNY) is specified as
LNY = S iR N jL N i

(3-15).

In theory, capital income (KTY) is estimated in the same way as labor and land, that is,
K T Y = 2 ,R T iK T i

(3-16).

But in practice, itis commonly estimated as residual (Koh et al,1992) of total factor
incomes net of labor and land returns. Hence, capital income is estimated as
KTY = ZjNPi X. - LBi - LNY

(3-17).

For institutional income, the three institutions in the LACGE model are labor,
property, and enterprise. These institutions receive income directly from the three factors
o f production (land, labor, and capital). However, all factor incomes must be net of all
relevant taxes and leakages before the institutions receives the factor payments.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

113

As one of the three institutions, income received by labor as an institution is
estimated by
LBINSTY = LBY- SSTAX-LBYLK

(3-18)

where: LBINSTY is labor institution income; SSTAX is social security taxes paid by
labor; and LB YLK is labor income leakage out of the region. For income received by
property as an institution we have
PRPINSTY = LNY- LNTAX

(3-19)

where: PRPINSTY is property institution income; and LNTAX is land taxes paid by land
users. For income received by enterprise as an institution, we have
ENTINSTY = KTY- KTAX - KTYLK + TGTRINST

(3-20)

where: ENTINSTY is enterprise institution income; KTAX is capital taxes paid; KTYLK
is capital income leakage out of the region; and TGTRINST is total government transfer
payments to institutions. Net total institutional income (NTINSTY) in the region is thus
estimated as the sum of income to the three institutions
TINSTY = LBINSTY + PRPINSTY + (ENTINSTY- NINSTR)

(3-21)

where: NINSTR is net institutional transfers and retained earnings.
Household Income and Expenditures
Three categories of households are defined based on income levels; that is, the low,
medium, and high income level groups ( h = 1...3). Households receive the bulk o f their
income from services they provide as factors based on equilibrium input quantities and
factor prices. However, this income is not distributed directly by factors to households but
rather through institutions. Other sources o f household income are government transfer
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payments and inter-household transfers payments. Household income (HHYhJ by income
level is thus defined as
HHYhi= hstinstyhiNTINSTYD + hsgtrwTGTRH + ZhjlHHTRNhi +
hsremth;TREMIT*EXR

(3-22)

where; HHYhj is total income of household hj from all sources; hstinsty^i is household hj
share coefficient of total institutional income; NTISNTYD is net total institutional income
distributed to households; hsgtr is household h; share coefficient of government transfer
income; TGTRH is total transfer income from government; TREMIT is total remittance
income from out of the region; E(„IHHTRhj is the summation of household income from
other household hj as inter-household transfer payments; hsremt^i is the ith household share
coefficient of total remittance income; and EXR is the exchange rate.
Households pay taxes on all or part o f their income. Household taxable income
(TXAHHYhi ) is estimated as
TXAHHYhi = LBINSTYhi+ PRPINSTYhi+ ENTTNSTYhi + TXGTRHhi

(3-23)

where: TXGTRHhi is taxable government transfer income. Given equation (3-23), total
tax paid by household hi is estimated as
HHYTXh = ahhtxrh, TXAHHYhi

(3-24)

where: ahhtxThi is the overall average personal income tax rate. Once it receives income
based on equation (3-22) and pay taxes based on equation (3-24), the ith household’s
disposable income is calculated as
DHHYhi = HHYhi-ehhtxrhi TXGTRHhi + kytxrlNSTYDHhi.^, + ehhtxrhiINSTYDHhi.prp
+ ehhtxrhi INSTYDHhi.,^
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where: INSTYDH(,i.e„t is institutional distribution of enterprise income to household hj;
INSTYDHhi prp is institutional distribution of property income to household h,- ;
INSTYDHhijab is institutional distribution o f labor income to household hj; kytxr is the
capital income tax rate for households; and ehhtxrhi is the earned income tax rate.
Household Savings
Savings for household hj is based on the savings rate as a portion of disposable
income. Hence, household savings (HHSAVhJ is given by
HHSAVhi = mpShiDHHYhi

(3 - 2 6 )

where: mpShj is the marginal (average) savings rate of the hj household.
Household Consumption Demand
Household consumption of goods and services is based on utility maximization.
Consumer expenditures depend on commodity prices and households disposable income,
and are modeled in a simplified version of the Linear ExpenditureSystem (LES) (Robinson
et al, 1990).When all subsistence minima for the households are set to zero, the LES
reduces to a Cobb-Douglas utility function with fixed expenditure shares. In this
formulation, there is no cross-price or income effects and all consumption goods are
substitutes for each other.
Consider, a Stone-Geary utility function o f the form
U(Q) = S"j_, aj ln(qj - Yi )

where % >Y\;
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and where: U(.) is the utility derived by the consumer from consuming the composite
consumption good qj; and both Yi and

are parameters. The consumers problem is to

maximize (3-27) as
max(qi)U(Q)
subject to the income constraint
S"i_, P.qj = m

(3-28)

where: Pj is the composite price of q and m is moneyincome. Equation (3-28) is reduced
to a C-D maximization problem if we let Zj = q - Yi• In this case, the demand function
becomes (Varian, 1990)
q = Yi + ai(m -2V iPiY i/Pi)

(3-29).

The LES assumed that the subsistence minima, Yi, is zero implying that equation (3-29)
reduces to a linear system such that the demand for q; is a function o f the coefficient q,
which are interpreted as expenditure shares, and income (m). Therefore, household
consumption demand can be estimated (Koh, 1992) as
HHCDi = [ SihhcSih(DHHYh, - HHSAVhi ) - IHHTRNhi - H H TRN J / PQi

(3-30)

where: HHTRN^i is household transfers out of the region; PQi is the regional price of
composite good i; and hhcSjh is the share coefficient of household hi consumption of
commodity i.
Total Gross Household Expenditure
Households use part of their income to meet tax obligations to government, save
part of their income, give direct income transfers to other households, meet out o f the
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region obligations and spend the remainder of their income on consumption of regional
goods and services. Thus, expenditure of households can be estimated by
HHEXPhi = DHHYhi + HHYTXhi - HHSAVhi

(3-31)

where: HHYTXhi is household hj total taxes paid to governments.
Governments
The inclusion of a government sector and the extent o f disaggregation o f the
government sector in a regional CGE framework is usually dictated by the focus o f the
research. Where government expenditure is critical to the situation being analyzed, a
government sector is justified, such as for models dealing with fiscal policy issues. The
WRP involves substantial government expenditures, especially in areas with a high
participation rate, such as Louisiana. In addition, the government sector is very important
to households in states with relatively low income levels, such as Louisiana, since
government transfers and other payments forms a substantial source o f local purchasing
power.
The two levels of government (g) accounted for in the model are state/local
government and federal government. Activity by state/local government is in general a
function of activity in the state economy. Therefore, state/local government forms one unit
that is endogenous in the LACGE. The federal government is external to the region. Thus,
it is treated as an exogenous variable in the model. However, this treatment o f federal
expenditure as an exogenous variable is also dictated by model closure. For example, in
some localities, activities by the federal government are an important source o f local
revenue. Hence, federal government expenditures may be treated as an endogenous
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variable in such situations (Partridge and Rickman, 1997). For example, defense
expenditures by the government are critical to some local economies.
Government Revenue
In the regional model, the government collects taxes in part to finance its
obligations in terms o f delivering publicly provided goods and services. The state/local
government unit also receive income transfers firom the federal government. Thus,
government revenue (GREVg) is estimated as
GREVg = IDTXg + FCTXg + CITX, + HHYTXg + IGTRNg + GREMTg *E X R

(3-32)

where: IDTXg is the indirect tax, such as sales tax and excise tax, received by government
g; FCTXg is the factor tax collected by government g; CITXg is the corporate income tax
collected by government g; and GREMTg is the out-of-the-region remittance income
received by government g.
Government Purchases of Goods and Services
Total government demand for goods and services is fixed, and is distributed among
all goods and services in fixed proportion. That is, government demand for a region’s
goods and services (GCDgj ) can be estimated as
GCDig = gcdSigTGCDg

(3-33)

where: gcdSjg is the share coefficient of total demand by government g for the ith regional
sector goods and services, and TGCDgis total government g demand for goods and services
in the region.
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Government Expenditure

Overall government spending in the region (GEXPg) is divided between goods and
services in the region (Louisiana) as previously defined and among other categories such
that
GEXP = Si (PQi GCDgi) + Si„GTRINSTg,i„ + Zg,GTRH^ + S^G T R N ^ +
GTORg*EXR

(3-34)

where: GTORgis government g transfers out of the region.
Government Savings and Deficits
Savings and deficits for both levels of government (GSAVg) in the region is
estimated as the difference between their revenue and expenditures. However, the federal
government does not have savings that exist in Louisiana, although activities by the federal
government in the state may result in savings at the national level. Therefore, government
budget saving or deficit is characterized by
GSAVg = GREVg - GEXPg

(3-35).

The model allows for flexibility in characterizing government deficit as either an
exogenous or endogenous variable. The level of savings or deficit for the federal
government is assumed to be exogenous whereas any deficit (savings) for the state/local
government is endogenous. Nonetheless, other scenarios are possible (Kraybill, 1995). For
example, the federal government budget deficit could also be assumed to be endogenous.
This flexibility in modeling government deficit and savings allows various questions
regarding government fiscal impact at the region to be examined (Partridge and Rickman,
1997).
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Investment and Savings in the Region
Investment levels in the region are dependent on current private sector demand for
investment goods and inventory from previous holdings of those goods. This model is
static; hence, capital formation is exogenous. Treating capital as simply a separate final
demand category implicitly assumes some heterogeneity of capital across sectors.
However, the assumption of capital heterogeneity may be less important in a static model
than in a dynamic model (Robinson, et. al, 1990). The various components of the
investment sector in the LACGE is construed following the procedure in the ERS-USDA
model, as explained in this section.
Private investment demand for fixed real investment (INVDK,) by sector of
destination (i.e., the sector consuming the investment) is given by
INVDK, =[invsdiNFINV]/PfC,

(3-36)

where: invsdj is fixed share coefficient of total capital invested in sector i; NFINV is
nominal fixed aggregate investment in the region; and PBC is the price of capital invested
in sector i. The price of capital is also related to regional goods in the following manner
PK, = SjPQjCCM ATji

(3-37)

where: CCMATji is the capital composition matrix, which shows the amount o f capital
good originating in sector i that will be used to make up a unit of real capital to be installed
in sector j. This definition of capital good prices thus recognizes the assumption of
heterogeneity of capital goods across sectors.
Investment by sector of origin (the sector producing the investment good) is related
to investment by sector of destination by the CCMATj^ matrix as follows
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INVOKj = Zj CCMATj.INVDKj

(3-38)

with the restriction that summing over all i sectors equals one for each jth sector. Nominal
fixed investment in the region is related to total regional investment (TR IN V ) such that
N FIN V = TR IN V - Ej DINVENTj PQj

(3-39)

where: DINVENTj (sectoral inventory demand) is defined as
DINVENTj =dstTjXj

(3-40)

and where: dstXj is the ratio of inventory investment to domestic output. Total regional
investment is thus formulated in terms of gross private investment demand by sector of
origin and inventory demand across all sectors of the economy or,
TRINV = Sj(IN V O K j+ DINVENTj )PQj

(3-41).

Total regional savings is a function o f retained earnings and depreciation
expenditures by institutions, households’ savings behavior, and savings by government
from out of the region sources. Hence, total regional savings is estimated as
TRSAV = RETDEP + ZhiHHSAV^j + ROWS AV*EXR + GSAVg

(3-42)

where: RETDEP is depreciation and retained earnings; and ROWSAV is total external
saving of governments.
Regional Trade
Trade is introduced into the model via specification of import demand, export
supply, and export demand. The usual assumption of neoclassical trade theory and in many
I-O models is that import and export goods are perfect substitutes. This assumption implies
consumers do not differentiate between local and foreign counterparts of a particular good
in their purchases. But this conventional treatment diverges firom economic reality. Cross-
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hauling—the simultaneous import and export of a good in the same product category across
regional or international boundaries—is usually present, even in small regions (Sullivan, et
al., 1997).
Different assumptions are often made regarding the treatment of local and foreign
counterpart o f a regional commodity (Kehoe and Kehoe, 1994). The most common trade
specification in CGE models is the Armington (1969) specification where goods are
distinguished by industry and by place o f origin. In other words, an American-produced
personal computer is different from a Canadian-produced personal computer, in that they
are close but imperfect substitutes. This specification offers several advantages over the
conventional trade theory specification. First, it accounts for large amounts o f crosshauling often observed in international or interregional trade. Second, it explains the
observed fact that most countries and regions produce at least some amounts of goods in
all product categories. Third, it allows for varying levels of substitution between local and
imported goods across different products and allows for change in relative prices of
imported versus locally produced goods (Kehoe and Kehoe, 1994).
Goods available in the regional markets are classified into traded and non-traded
goods. The concept of traded and non-traded goods used here is not in the pure sense o f
the word; rather products are differentiated based on the relative importance o f export
markets. For traded industries (tri), there is a higher probability of out-of-the-region trade
of large amounts of these goods as opposed to nontraded industries (ntri) where the
probability and amount of such trade is relatively low.
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Import Demand

The import demand function is based on Armington trade theory. It allows for
substitution possibility between imported and locally produced goods. Hence, a CES utility
function which allows for imperfect substitution in consumption is used, or

U

Qi =

Ô; Mr"' + (1-ÔJ D

/

( 3- 43)

where: Qj is a composite good in sector i comprising of both imported goods (Mj ) and the
imperfect substitute of locally produced goods (DJ; the constant ijr is a shift parameter; Ôj
is a share parameter; and O; is an elasticity of substitution which is related to the
substitution parameter p; as described by
Oj = 1/1+Pi

(3-44).

Using Armington’s cost minimization procedure, where regional purchasers minimize the
cost of obtaining utility subject to equation (3-40), FOC conditions yield consistent import
demand functions such that
Mi = Di((PDi/PMi)ô/l+ôi)P‘

(3-45)

where: PDj are local sales prices of domestic goods and PMj the local sales prices of
importedgoods insector i. The Armington specificationshows that regional

supply is

combined with their imported counterpart to form a composite regional supply of goods.
The relative magnitude of O;, the elasticity of substitution, determines the degree to which
imports are preferred to (can be substituted for) local supply. The degree o f substitution
will be higher for traded goods such as soybean than for non-traded goods such as services.
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Export Supply
Like the import scenario, the export condition also stipulates a substitution
possibility between production for local market and production for markets outside the
region. If no other region is explicitly modeled, the constant elasticity of transformation
function (CET) (Powell and Gruen, 1968) is used. The GET function allows for the
extension to exports of the idea of product differentiation that underlies the Armington
specification. The CET function is defined such that composite commodity output X; is
given by
Xi = Tii(Yi Ei + ( 1 - Y i) 0;*')'^*'

(3 -4 6 )

where; Ej and D, are export and local supplies in sector i; T|j is a constant shift parameter;
Yi is a share parameter; and Qj is elasticity o f transformation parameter which is a function
o f the substitution parameter (j); in the following manner:
Qj = l/l-(j)i

(3-47).

Revenue maximizing behavior of producers implies that the first order condition of
equation (3-46) yields a consistent export supply function such that the relative proportion
of export to domestic supply of the regional good is given by
Ej = Dj((PEjÆDj) (1-Y i)/Y if

(3-48)

where: PEj indicates the local price of a unit o f the export good i. The CET representation
implies that each unit of the regional output, Xj, is either sold regionally (Dj) or exported
(Ej). The relative ease to which export can be substituted for domestic demand is governed

by Qj. Hence, the elasticity of transformation will be very high (infinity, at the extreme)
for pure traded goods and very small (zero, at the extreme) for pure non-traded goods.
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Export Demand

It is possible to assume that in some traded sectors Louisiana producers are faced
with a world export demand function. This situation may occur in certain sectors where
Louisiana is relatively specialized. In those sectors, it may be assumed that the demand
function is downward sloping. The export demand function is then specified as
EDi = 0^PX,“^

(3-49)

where: ED; is export demand in sector i; 6^ is a constant export shift parameter; and

is

elasticity o f export demand in tradable industries. In the present study, the level of
aggregation is such that none of the nine sectors meet this assumption. Hence, no
downward sloping export demand function is estimated.
Gross State Product
Nominal gross state product (GSP) is the total market value o f all final goods and
services produced in the region’s economy in a given period, usually, a year. GSP at factor
cost before taxes is estimated as
GSP = LBY + KTY + LNY + SjlDTX,

(3-50).

Real gross state product (RGSP), is a measure of the region’s market value of final
goods and services in constant prices (i.e, inflation adjusted). Real GSP thus provides an
effective means of relative comparison of output performance between periods. RGSP is
estimated by
RGSP = Si(ShHHCDih + INVOKj + DINVENTi + SgGCDgj + Ej - MJ
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Prices
Prices and price relationships in the Louisiana model are as defined in the following
discussion. Prices for goods and services imported into the region are related to the world
market price of imports (PWMJ valued at the current exchange rate (EXR), thus
PMi = PW M iEXR

(3-52).

Similarly, prices of goods and services exported out of the region (PMJ are related to world
price of exports (PW EJ valued at the current exchange rate, thus
PE, = PWEj EXR

(3-53).

The price of the composite good (PQj ) is modeled as a weighted value of domestic
goods and imported goods in the following manner:
PQi = (PDiDi + PMiMJ / Qi

(3-54).

In a similar fashion, the price of domestic output (PXi ) is also a weighted value of
domestic goods and exports into the region from rest of the world or country, that is,
P X i= (P D ,D i + P E , E i ) / X .

(3-55).

Prices received by producers in the region (producer prices) are modeled as regional
good price net of indirect taxes and the cost of regional intermediate production. Net price
(NPJ or value-added price is thus specified as
NPi =PX j(l-idtxrJ-SjIO jiPQ j

(3-56)

where; lOji is the regional input-output coefficient of sector i.
Equilibrium Conditions
Equilibrium conditions in the CGE are in part driven by the closure rules adopted
by the researcher. There is yet no consistent theory on closure rules in regional economic
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modeling. In general, a Walrasian mathematical system, such as depicted in a CGE, is over
determined. Hence, the different closure rules are underlined by a particular set of
theoretical treatments o f the over determined model (Holland et al., 1997). There are three
closure strategies that have been proposed in the literature: a Keynesian closure, which
allows for elastic supplies of factors and endogenous financial flows; a neoclassical closure,
which allows for endogenous factor price adjustment, endogenous investment, and
exogenously fixed financial Inflows; and a Johansen closure, where consumption adjusts
residually until savings and investment requirement are balanced with exogenously fixed
factor supplies (Waters et al., 1997). However, according to Rickman (1992), the results
o f neoclassical closure in a regional context often are more consistent with econometric
models. Hence, the neoclassical closure is adopted in the LACGE.
According to economic theory a valid equilibrium is achieved, ceteris paribus, if
equilibrium is achieved in commodity, factor, and investment markets. All endogenous
variables are jointly determined in an equilibrium system. For commodity markets,
regional output of goods and services must be equal to regional demand for goods and
services. That is,
Qi = INTi + HHCDi + SgGCDgi +lNVOKi + DINVENTi

(3-57).

Equation (3-48) specifies demand for local and foreign goods as a function of
relative prices. Therefore, equilibrium for the composite good Qi also ensures equilibrium
in domestic good market.
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In the factor markets, equilibrium must be obtained in the labor, capital, and land
markets. In the labor markets, equilibrium is achieved when
TXyB - SjLBj = 0

(3-58)

holds, where; TLB is the given total amount o f labor supply. If wage is assumed to
be given (i.e., a Keynesian closure rule), W, unemployment (UNEMP) is given by

UNEMP = unempr (SjLBj - TLB)

(3-59)

where: unempr is the regional unemployment rate. Inthe Louisiana model, wages are
assumed to be endogenous. In the land market, equilibrium condition holds
TLN - SiLN,-= 0

(3-60)

where: TLN is the given total available supply o f land in the region. In the capital markets,
assuming capital is mobile across sectors, the equilibrium condition is specified as
TKT - ZjKTj = 0

(3-61)

where: TKT is the given total available capital in the region and the savings-investment
macro-identity must also hold. Thus, total savings (TRSAV) in the region must equal total
investments (TRINV) in the region, or at equilibrium
TRSAV = TRINV

(3-62).

Depending on the closure rules applied, savings may be allowed to drive investment or vice
versa. In a Keynesian framework, savings is endogenously determined and investment in
the region is exogenously fixed. On the other hand, under the neoclassical closure regime
used here, investment is allowed to adjust to balance regional savings, which is
exogenously determined (Water, et al., 1997).
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Estimating Direct Effects of the WRP
The WRP is assumed to be a 30 year program in this study. It was important to
identify the types of arable soils most probable for WRP enrollment and the crop yield on
such soils. It is also possible that yield could change over time due to soil degeneration.
Geographic Information System (GIS) databases and the Environmental Policy Integrated
Climate (EPIC) model were used to identify appropriate soils and predict crop yields (lost
production on WRP enrolled land). Changes in revenues (output), practices, and costs for
participating farmers were established. These farm level changes were then translated into
direct effects in the regional economy.
GIS technology was used to identify arable wetlands and crop yields for soybeans,
com, wheat, and sorghum. These crops are the most likely to be grown on enrolled land
(Simmering, 1996). The Land Use and Land Cover (LULC) database, created by the U.S.
Geological Survey (USGS), was used to create a map showing all wetlands in Louisiana
(in the Axclnfo GIS software program) (Figure 1.2). LULC are digitized maps with
relational attribute data that can be read into a spreadsheet. The State Soil Geographic
(STATSGO) database, a soils series GIS database (USDA-SCS, 1994) was used to generate
soils maps for all parishes with WRP participants. A STATSGO map unit contains up to
21 components for which there are attribute data. The attribute data are a relational spatial
database and can be imported into a spreadsheet for manipulation and analysis.
An overlay of the STATSGO and LULC generated maps provided a new map
indicating soil types and crop yields under best management practices for arable wetland
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soils versus all arable soils (Figure 3.1). The composite map from the overlay provided
mformation on soil types, crops cultivated and yields under optimum conditions. Acreage
covered by each soil series can be identified from attribute data tables for desired
calculations. Only the soil series associated with soybeans, com, wheat, and sorghum were
o f interest in this study. Because it was assumed that marginal lands will be enrolled in the
WRP first, the average yield of particular crops in each soil series weighted by the overall
mean yields across all soil types associated with the crop was calculated. The resulting
estimate showed yields of crop falling below or above the average yields in each parish.
Then for each crop, soil series with below average yields were selected first until the
associated acreage size for the particular soil series was exhausted. The resulting estimate
was then used to obtain the ratio of yields for such soils to best management practice yields
o f all arable soils in each parish. The ratio was then multiplied by observed yields over the
last six years in Louisiana. The EPIC model result was then used to check for yield losses
over the 30 year period. Results from the EPIC model indicated that soil productivity
remained constant for the 30 year period. Hence, yields were assumed to remain constant.
Soil data were generated for EPIC based on the previously discussed overlay that
provided a distribution of arable wetland soils. By parish, eligible soils with the lowest
yields were assumed to constitute all WRP enrollment. Because yields differences between
arable wetland soils were small within these parishes, the choice of soils had little effect
on the ultimate results of the study. Once identified, the soil input data necessary for EPIC
weregenerated with MUUF, which is a national soil data base program that can generate
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Figure 3.1: Map of Potential WRP Soils in Participating Parishes in Louisiana
(USGS, 1994; USDA, 1994; AEGIS Lab, 1997).
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EPIC ready files. The EPIC model was used to estimate yields for soybeans, com, wheat,
and sorghum over a 30 year period.
Assumptions about the distribution of cropland enrolled in the WRP across the three
agricultural sectors in the model and the productivity of enrolled land were based on
discussions with NRCS officials and estimates based on Projected Costs and Returns and
Whole Farm Analysis (PCRWFA) (Agricultural Center, 1993). The majority (70 percent)
of enrolled land was assumed to have been planted in soybeans; while 6 percent of enrolled
land was estimated to have been planted in grain sorghum, 5 percent in wheat, and 9
percent in com. The remaining 10 percent of enrolled land was assumed to be idled in any
given year.
There is a maximum limit of five separate payments for easement purchases to
WRP participants. All participants were assumed to receive equal annual payments over
a five year period for tax purposes. All payment recipients were assumed to reside in
Louisiana. Easement payments obtained from the state NRCS office were adjusted to 1993
dollars using the Consumer Price Index.
One of the key elements of the WRP is the enhancement o f wetlands values. Thus,
the enabling Act of the program allows for some other productive activities such as hunting,
fishing, and recreational utilization of restored wetlands. These activities are therefore
sources of additional benefits to WRP participants. While the benefits of productive
activities, such hunting, are easy to estimate because they are market-based, nonmarket
activities, such as bird watching in wetlands areas are difficult to estimate. Even when
nonmarket activities are valued, the estimates are difficult to use in impact analysis because
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o f their site-specific nature. The wide range of values obtained in some past studies o f the
recreational values of wetlands buttress this observation. For example, Mullarkey (1997)
estimated an annual willingness-to-pay (WTP) o f $38,383 per acre for artificial wetlands
and a $224,882 per acre for natural wetlands in Wisconsin. Farber (1989) estimated an
annual WTP o f $3.9 million for coastal wetlands in Louisiana using the travel cost method
(TCM) and estimated a WTP o f $3.2 million annually using the contingent valuation
method (CVM). Another study by Bergstrom and Stoll (1989) using CVM estimated an
annual WTP of $25.1 million for the Louisiana Gulf coast.
Therefore, in this study, a minimum estimate based on the value of hunting leases
in WRP areas was used to capture this type of potential benefits. To estimate the revenues
derived from hunting leases, information on hunting lease acres and fees was estimated for
each of the parishes from available secondary data. First, data on total wetlands acreage
in each of the participating parishes were obtained (USDA-NRCS, 1992). These data were
based on the National Resources Inventory database of the USDA for 1992. The Louisiana
Department of Natural Resources supplied information on the proportion of hunting
occurring in wetlands areas in these parishes. Second, given this proportion, estimates o f
total wetlands acreage leased for hunting was obtained by multiplying the number of WRP
acreage by these proportions for each parish. Average hunting lease fees for each parish
were obtained from the publication Louisiana Summary (Louisiana Agricultural Center,
1993a). Finally, to estimate potential revenue derived from hunting leases in WRP acreage,
previously estimated wetlands acreage used for hunting was multiplied by the estimated
average hunting lease fee for each parish. Total recreational revenue based on hunting
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leases as a result of the WRP is therefore the sum of potential hunting revenue across
participating parishes.
Another issue that is often confronted in studies involving transfer payments is
deciding who gets the payments. Previous studies have not been very clear on this aspect.
In this study, based on inferences that were drawn from studies of similar programs
(Timothy et al., 1989; Hatley, et al., 1989; Force and Bill, 1989), it was assumed that all of
the transfer payments go to medium income households.

Summary
The underlying structure and specification of the I-O, SAM, and CGE as it applies
to the present study was discussed in this chapter. The structures of and underlying basis
of the data used in the the three Louisiana regional impact models was discussed.
Specifically, the types and basis of the various accounts found in the Louisiana fixed-price
models (I-O and SAM) were explained. It was also highlighted that both the I-O and SAM
share a similar accounting structure although the SAM is more extensive in its view of the
economy. The SAM also forms the initial baseline data for a CGE depiction of the
Louisiana economy (LACGE). Detailed structure of the LACGE, including specific
equations utilized for various markets, output, input, and trade, were presented. AJso, the
methods and assumptions made in estimating the direct effects of the WRP on the
Louisiana economy were outlined.
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CHAPTER 4
DATA, PROCEDURES, AND EMPIRICAL MODELS
In this chapter, a full description of the various interindustry models of the
Louisiana economy is provided. The discussion also includes modifications made to the
underlying database during model construction. Specifically, a detailed description of the
primary and secondary data used to supplement the original models—either fully or partly
constructed with the IMPLAN software—is also given. Based on model construction and
modification with additional data, both the Louisiana input-output (I-O) and Louisiana
social accounting matrix (SAM) were obtained.

Finally, a description is provided

concerning the parameters and variables in the Louisiana Computable General Equilibrium
Model (LACGE).

Louisiana IMPLAN Models
A typical non-survey (ready-made) regional model as generated with IMPLAN is
a stepped-down national model. As explained in Chapter Two, in ready-made models,
available primary and secondary regional data can be used to improve model accuracy and
validity that result in the so-called hybrid models. This approach was taken in constructing
the Louisiana SAM and I-O models.
The basic foundation of the I-O, SAM and CGE models of the Louisiana economy
is the IMPLAN database. In line with general practice, modifications have been made to
this database to provide a more realistic picture of the regional economy. For particular
sectors, regional supply, estimates of regional use of regional production, transportation and
trade margins, and production functions were modified based on primary or secondary data.
135
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The numerous production sectors in the basic IN'IPLAN-based models were also aggregated
into major industry groups.
Regional Supply and Institutional Commodity Sales
Net commodity supply in the region is the total regional production o f the
commodity net of foreign exports. Net commodity supply is used to derive the supplydemand pool (SDP) coefficient, which is key in estimating regional trade flows. It is,
therefore, crucial to have realistic estimates o f supply and demand for regional commodities
because such estimates affect multiplier and impact estimates.
Modifications were made to production estimates for soybeans, sugar crops,
greenhouse/nursery products, and real estate in the Louisiana models based on available
data (Table 4.1). Supply estimates for the first two industries were changed (based on
values taken from Zapata et. al., 1993) because they are important agricultural industries.
Supply estimates for greenhouse/nursery products, another important state agricultural
industry, were based on estimates taken from a study by Hughes and Hinson (1997).
Supply for real estate was re-estimated because the sector was an important supplier to the
agricultural sector and because original estimates indicated a significant level o f imports
(an unlikely prospect for a nontradable good).
IMPLAN reports sales of industry production by the households, government, and
capital institutions, which normally consume output rather than produce it. An example
is the sale of surplus dairy products by the government. Institutional sales may create
problems in impact analysis because it is difficult to interpret the multipliers derived from
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models that explicitly incorporate institutional sales (Kraybill, 1997). Experts (Lindall,
1997; Holland, 1997) in the field have suggested three approaches to dealing with this
problem: (1) ignoring these entries by removing them from the model accounts since they
are relatively small in magnitude, (2) employing the RAS technique to distribute these
values across the entire matrix, and (3) treating these sources of supply as negative final
demand in the relevant sector (column and row cell). Because it is consistent with previous
treatment of exports and imports in some I-O models (Miller and Blair, 1985), and because
it is the most widely used approach (Lindall, 1997), institutional sources of supply were
treated as negative final demands in the Louisiana I-O, SAM, and CGE models.'■
Sectoral Aggregation
Aggregation is the process by which two or more industrial sectors in an I-O model
are re-grouped into fewer industrial sectors for the purpose of impact analysis. The choice
of sectors to aggregate depends on the particular study and sectoral compatibility (a
function of underlying production technology), size of the industries in question,
computational expense and feasibility, and availability of data. Because aggregation bias
may result in biased multiplier estimates, care must be taken in aggregating industrial
sectors.
Aggregation may be justified on the grounds of resource limitation such as
computational time. This consideration is important where the loss of additional

Current IMPLAN software, IMPLANPro version 2, generates a commodity by industry,
where final demand is subdivided between commodity and industry, rather than an industry
by industry SAM used in this study. Additional software was provided tby IMPLAN Group
convert to an industry by industry format.
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information due to aggregation is not critical to the problem imder consideration. However,
the LACGE model would have been computationally intractable without aggregation. In
addition, for CGE models, a greater numbers of sectors would mean that more parameters
would require calibration and the more extraneous regional parameters would have to be
found for all model sectors.
In this study, nine production sectors, based on compatibility of industry structure,
production technology, and the goal of this research, are identified. These sectors include
livestock; other crops; soybean; fishery, forestry, and agricultural services; mining;
construction; manufacturing; and services. The nine sectors represented the agriculture
focus of this study. Limited loss of information due to aggregation occurs because
agriculture is more disaggregated than other parts of the economy (forming three of the nine
sectors). The nine sectors were also assumed to provide a valid representation o f the
Louisiana economy. IMPLAN and SIC codes and the respective names of the sectors
included from the original 416 sectors in the Louisiana IMPLAN are provided in Table
4.2.
Because the goal of the study is to examine the impact of retired agricultural land,
the agricultural sector is more dissagregated (livestock, other crops, and soybean) than
other industries. The soybean sector is separated from all other crops because at least 80
percent of current WRP acreage was estimated to have been in soybean production
(Simmering, 1996). Also, according to the Conservation Foundation (1986), most of the
wetlands converted to agriculture in the 1970s were planted in soybeans.
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Table 4.2: Aggregated Sectors in the Louisiana Input-Output, Social Accounting
Matrix, and Computable General Equilibrium Models.
Aggregated
Industry Code
1
10
21
24
28
48
58

433
463

Aggregated
Industry Names
Livestock
O ther Crops
Soybeans
Fish, Forestry, and
A gricultural Services (FFAS)
M ining
C onstruction
M anufacturing

Trade; Finance, Insurance.Real Estate (FIRE)
and U tilities (TFU)
Services

Unaggregated
Industry Codes
1 - 10
10 - 20, 22, 23
21
2 4 -2 7
28, 29,31, 37, 38, 39-41, 44-47.
48-51, 53-57.
58 - 60, 64 - 67, 69 - 72. 74, 75
78 - 80, 82, 86, 87, 89-91, 95-97,
98-103, 1 0 7 - 109, 112, 1 2 2 - 130
132-135, 137, 138-140, 141-149,
151, 153, 154, 156 - 159, 162,
163-169, 171- 180, 182 -192,
194- 197, 199-205, 2 0 7 -2 1 4 ,
217 - 222, 224, 229 - 237, 241
242-252, 254, 256-259, 262 - 269
271, 273 - 279, 281 - 286, 288 - 290,
292, 294 - 301, 303, 304, 306 - 319,
321 - 234, 327 - 332, 334- 338, 304
306 - 319, 321-324, 327- 332, 334-338
342, 345-347, 349 - 352, 354 - 357,
359, 361, 364, 366, 367, 369, 370 - 381,
383 - 387, 389 - 400, 403- 408, 412 - 41
417 - 421, 424- 426, 428- 430, 432.
433 -4 5 9 , 461,462
464 - 470, 472-509, 511 - 513, 515
519, 520, 5 2 2 -5 2 5 , 528

Source: IMPLAN Group (1996)
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Household Income Distribution Coefficients

Household income is an important component of regional I-O and SAM models
because it influences household expenditure, household savings, and governmental income
from taxes. Good hybrid model construction procedures (Jensen, 1980) indicate that
underlying key model components should be evaluated for accuracy when possible. Hence,
the original income distribution pattern in the Louisiana ready-made IMPLAN models was
evaluated and modified.
Income distribution coefficients in the models were based on the Consumer
Expenditure Survey (CES) conducted by the U.S. Department of Labor. In the CES,
information is collected on expenditures, income, and demographic characteristics of U.S.
households. The survey is made up of two parts: a quarterly interview survey and a weekly
diary survey. The interview survey collects data on the types of expenditures respondents
can recall for a period of three months, which are relatively large expenditures on items,
such as properties and durable goods. In the diary survey, information is collected on
frequently purchased smaller items, such as food and beverages. The Bureau o f Labor
Statistics (BLS) publishes an integrated version of these surveys providing data on a
complete accounting of consumer expenditures and income. The standard data releases are
annual reports, quarterly interview survey reports, and bulletins. In this study, the annual
report is used (BLS, 1993).
The aimual report includes integrated data in nine standard tables showing average
expenditures, income, and characteristics per consumer unit. The survey contains data
concerning U.S. average income levels, expenditure patterns, and tax payments for nine
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household income groups for U.S. regions. Data for the southern region was used in
making adjustment to the models. Money income by household income level group is
reported in terms of wages and salaries, earnings by the self-employed, income received
from social security and other forms of government retirement income, and private
retirement income. The federal government and state/local government personal income
tax payments from different household groups are also reported separately in the CES data
(BLS, 1993).
The CES data and other data sources were used to estimate income levels and tax
payments by household income groups. To apply the CES data for the southern region to
the Louisiana models, 1990 U.S. population census estimates of Louisiana households by
income classes (University of New Orleans, 1993) were substituted for the number of
households in the nine household categories. These state-level census data were felt to be
the most realistic distribution o f Louisiana households by different income classes. Given
the population adjustment, the number of households in each income category was
multiplied by category averages for total income by income source and by tax payment.
The result was an estimate of total income received and taxes paid both by household group
and by type of income source.
The CES also forms the basis for estimating control totals for factor income groups
(labor income and capital income) and government to household transfer payments (another
form of household income). Wages and salaries plus self-employment income formed
estimated labor income; interest, dividends, rent, and other property income formed the
new estimate of capital income; and unemployment compensation, public assistance, and
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other public and private support income were aggregated to form an estimate of total
transfer income (payments from government to households).
The percentage distribution of these estimates across and within households by
income classes and tax paid to receiving governments was also derived from the CES. To
conform to the IMPLAN three-income group categories, the percentage distribution across
the nine household groups were aggregated into low (< $20,000), medium ($20,000 to
$50,000), and high ( > $50,000) income groups. The result is the share distribution among
the three IMPLAN income groups, of household income, household taxes by receiving
government, and transfer income. The shares of total labor income going to low, medium,
and high income groups were 9 percent, 45.1 percent, and 45.9 percent. For capital income,
the share distribution for low, medium, and high income groups were 11.5 percent, 42.5
percent, and 46 percent. And, for transfer payment to households, 47.6 percent, 37.9
percent, and 14.5 percent went to low, medium and high income groups.
In the CES data, income received from land is not differentiated from other sources
o f capital income. Because o f the emphasis on agriculture in this study, it was necessary to
treat land as a separate factor of production. Therefore, a national estimate of income
derived from land as factor income for various household income groups, provided in Rose
et. al., (1988), was used to derive household land income shares following Marcouiller
(1992). It is necessary to adjust the data taken from Rose et al. data because they applied
to the 1980s and there were ten income classes instead of three. To use the data in this
study,

the upper bounds o f income range for each of the ten income classes were

substituted for each range. Then, the new range in each class was adjusted to 1993 dollar
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values using the consumer price index (CPI). A lower bound for income range was set for
the adjusted range to obtain a distribution coefficient for each class o f household income.
Given these coefficients, a cumulative distribution of the coefficients in three income
classes that is consistent with the approach in this study was obtained. The result is a
distribution of income from land of 3.2 percent, 24.4 percent, and 72.4 percent going to the
low, medium, and high income groups, respectively. These share distributions for income
and taxes were subsequently utilized in constructing appropriate accounts in the fixed-price
(I-O and SAM) Louisiana models.
Regional Interindustrv Transactions
Inter-industry transactions show the dollar values of purchase (column entries) or
sales (row entries) made between the nine aggregated industrial sectors in the region. This
matrix is the same for both the I-O and SAM models. Total gross intermediate production
in Louisiana in 1993 was estimated at $4,4069.4 million (Tables 4.3 and 4.4).
Final Demand
Final demand is a model component showing consumption by final users of regional
production. It consists of consumption by Louisiana households of Louisiana products,
government consumption of regionally produced goods and services, and capital and
inventory demands by Louisiana firms for Louisiana goods and services. In addition, final
demand also includes exports (foreign and domestic) of Louisiana goods and services.
Household Consumption Expenditures
Household consumption expenditure o f regional product had already been modified
in several respects. First, commodity sales by institutions (households, government.
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Table 4.3; Input-Ouput Accounting for Louisiana, 1993 ($ Million).
INTERMEDIATE DEMAND

■8D

Industry Sectors

C û‘

1

10

21

24

28

48

58

433

463

28.86
45.54
0.05
3.97
0.96
10.64
38.63
46.31
6.48

4.37
11.04
0.07
8 88
2.32
20.25
42.26
85.13
7.77

0.54
0.02
2.37
0,51
0.23
2.59
3.56
13.45
0.89

2.57
12.32
0.02
3.23
0.36
12.42
16,76
16.43
23.11

0.09
0.16
0.00
0.02
273.79
909.19
161.86
533.63
184.55

1.26
1.86
0.17
20.39
193.96
73.97
1905.46
2092.35
1620.96

575.04
132.52
110.84
16.99
1087.91
1065.72
6396.44
3049.27
2515.22

5.62
7.27
0.11
10.17
329.76
2907.80
902.37
6584.25
3771.20

2.55
1.87
0.03
1.19
40.58
931.97
1070.57
1727.07
2376.49

40.69
108.83
87.07

114.75
306.89
245.51

48.48
65.24
50.62

228.88

1286.57

5538.94

7855.83

14738.06

24492.08

57.76

2678.65

2384.70

4181.10

9398.82

2551.14

2.72

10.20

3.82

8.26

380.57

208.48

1913.61

5586.80

466.42

ROW

238.50

190.34

15.52

68.80

692.74

4580.93

14520.38

4878.59

2962.14

TOTAL

659.25

1049.77

207.85

450.92

7101.82

18623.43

43420.85

49120.81

36624.09
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Table 4.4: Social Accounting Matrix for Louisiana, 1993 ($ million).
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industry Sectors
1.Lives lock
10. Other Crops
21. Soybean
24. Fish., For., and Agric. Services
2Ï. Mining
48. Constniclion
S8. Manufacturing
133. Trade,FlRE <t UtiUlies
463. Services

I

10

21

24

28

48

58

433

463

28.86
45.54
0.05
3.97
0.96
10.64
38.63
46.31
6.48

4.37
11.04
0.07
8.88
2.32
20.25
42.26
85.13
7.77

0.54
0.02
2.37
0.51
0.23
2.59
3,56
13.45
0.89

2.57
12.32
0.02
3.23
0.36
12.42
16.76
16.43
23.11

0.09
0.16
0.00
0.02
273.79
909.19
161.86
533.63
184.55

1.26
1.86
0.17
20.39
193.96
73.97
1905.46
2092.35
1620.96

575.04
132.52
110.84
16.99
1087.91
1065.72
6396.44
3049.27
2515.22

5.62
7.27
0.11
10.17
329.76
2907.80
902.37
6584.25
3771.20

2.55
1.87
0.03
1.19
40.58
931.97
1070.57
1727.07
2376.49

40.69
108.83
87.07

114.75
306.89
245.51

48.48
65.24
50.62

228.88

1286.57

5538.94

7855.83

14738.06

24492.08

57.76

2678.65

2384.70

4181.10

9398.82

2551.14

1.21
1.51

4.52
5.68

1.69
2.13

3.66
4.60

168.75
211.82

92.44
116.04

848.51
1065.10

2477.24
3109.56

206.81
259.61

238.50

190.34

15.52

68.80

6M.14

4580.93

4878.59

2962.14

659.25

1049.77

207.85

450.92

7101.82

18623.43

49120.81

36624.09

Factors
Labor
Land
Capital
instinilions
Labor
Property
Enterprise
Households
Low Income
Medium Income
High Income
Qovemments
Federal Government
Stale/Local Government

CapitaliSavings
ROW

43420.85

(table cont.)
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and capital sectors) were treated as negative final demand. Second, changes in regional
purchase coefficients (RPC) influenced household consumption of regional production.
As already discussed, changes were made to income distribution in all models based
on the CES data for the southern region. These income changes imply changes in the
personal consumption expenditure (PCE) pattern in the original models IMPLAN. This
original PCE was adjusted by assuming that the relative consumption pattern remains
unchanged after accounting for new income levels; that is, consumption patterns were
uniformly adjusted upwards or downwards based on changes in income estimates for each
of the three household income groups. Total consumption expenditures for each household
group in the Louisiana SAM and 1-0 models were $8,376.6 million for low income
households, $18,741.4 million for medium income households, and $15,187.7 million for
high income households (Tables 4.3 and 4.4).
Other Final Demand
Data for regional consumption expenditures by the various governments, private
investment demand, and foreign exports were provided in the original IMPLAN models.
For the hybrid Louisiana models, original estimates of government consumption of regional
production obtained directly from IMPLAN were modified following the procedure used
in modifying the household consumption accounts, i.e., estimates are net of industry sales
by government. Hence, total institutional sales in a sector are distributed across all
households, governments and capital accounts. Government consumption expenditure in
Louisiana in 1993 was $13,631.1 million in the Louisiana 1-0 model. In the Louisiana
SAM, these estimates were $9,781.3 for state/local government and $3,849.7 million for
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the federal government. Regional investment final demand for Louisiana in 1993 was
$9,057.4 million in both the I-O and in the SAM (Tables 4.3 and 4.4).
Value-Added
Value-added shows the estimates of payments to regional factors of production
(capital, land, and labor) by the nine aggregated industries to factor owners in the Louisiana
models for 1993. The value-added categories of employee compensation, proprietary
income, other property income, and indirect business taxes (IBT) follow conventional
accounts as produced by the Bureau of Economic Analysis (BEA) o f the U.S. Department
o f Commerce(USDC). In 1993, total value-added, by all the nine industrial sectors, was
estimated at $76,460.6 million.
The value-added categories were reformulated to reflect economic theory following
Marcouiller ( 1992) and Koh (1991). Employee compensation and proprietary income were
treated as payments to labor while other property income was treated as capital income.
IBT are taxes paid to governments by business establishments that are imbedded in prices,
such as sales prices. Thus, IBT was removed from factor accounts and entered in the
government accounts in both the Louisiana I-O and SAM models. It was assumed that in
all industrial sectors, except the three agricultural sectors, value-added is in the form of
capital and labor. Land was included as a separate factor for the agriculture-related
industries. Therefore, for the non-agricultural sectors, capital and labor payments as
estimated based on the original IMPLAN I-O and SAM models were entered without
modification.
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For the three agriculture-related industries, factor shares were used to allocate
IMPLAN value-added to land, labor, and capital as factors of production. These factor
shares were estimated using farm budgets taken from PCRWFA (Louisiana Agricultural
Center, 1993 b). The farm budgets provided returns to labor, capital, and rented land for
various enterprises. The budgets were used to estimate factor shares (returns) for labor,
capital, and land. For the livestock and other crop sector, the share estimates were 0.460 for
land, 0.172 for labor, and 0.368 for capital. For the soybean sector, the estimated shares
were 0.397 for land, 0.295 for labor, and 0.308 for capital.
Institutional Income
In the Louisiana SAM model, institutions received income in the form o f factor
payments and government transfer payments. Income received from factors by institutions
is net of relevant taxes and leakages. It is assumed that all labor income goes to labor as
an institution, all capital incomes belong to the enterprise account, and all land income
belongs to the property account.
Labor as institution receives factor payment to labor less social security taxes and
leakage due to in-commuting of non-residents. The social security tax rate for 1993 was
12.6 percent based on the 6.3 percent social security payments reported in the Regional
Economic Information System (REIS) (BEA, 1994) data for Louisiana in 1993.’^ This
approach follows the legal requirement that employers must match workers’ social security

REIS is a BEA data source providing data in a wide range of areas including economic
and demographic information. REIS data cover states, counties, metropolitan areas, and
BEA defined economic areas. Economic data in REIS include income, employment,
transfer payments, and farm income and expenses.
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contribution. REIS joumey-to-work data collected for 1990 by one-digit SIC category were
used to estimate a leakage rate for labor income (payments to Louisiana workers who reside
elsewhere) of 2.2 percent. These rates were applied to labor factor income to yield an
estimate of $46,451.7 million for labor income as an institution in Louisiana in 1993.
Property as institution receives factor payment to land less land taxes. A land tax
rate for 1993 for Louisiana was not available. A 5.2 percent land tax rate was used in the
Louisiana models based on Jones and Canning (1992) and on land taxes collected in 1990
in Louisiana (USDC, 1993). The latter data source indicated the amount of land taxes
collected in 1990 by all government. The estimates o f land taxes collected in Louisiana
were based on the Jones and Canning’s estimate of total land income for 1990. It was
assumed that the land tax rate remains the same in 1993. Also, it was assumed that there
is no leakage of land income. The land tax rate is applied to estimated land income to
estimate net income to land as a factor of production. The estimated net income for
property institution for Louisiana in 1993 was $455.9 million.
Total income arising from capital payments to enterprise as an institution was
determined after netting out capital tax and capital income leakages. A capital tax rate of
9.8 percent was taken from Robinson et. al., (1990). A capital leakage rate of 11.9 percent
was estimated based on the leakage rate implied by the capital account entry in the original
IMPLAN model. Applying these rates resulted in enterprise factor income of $17,192.2
million in 1993. In addition, enterprises received $234.7 million as transfer income from
government. Transfer payments to enterprise by each level of government were calculated
based on detailed transfer income data for 1993, as found in the REIS data set.
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Household Income and Distribution

Regional households receive income from several sources including income
received from institutions, inter-household transfer payments, government transfer
payments to households, and remittances from outside the region. Regional income
flowing to the three institutions (labor, property and enterprise) must be distributed to
households.

For labor and property institutions, as already discussed, the amount

distributed to households equals factor payments to these institutions net of appropriate
taxes and leakages.
For enterprises, net factor payment to households must be further purged of
corporate income tax, depreciation charges, and retained earnings (enterprise savings).
Total corporate income tax in 1993 was reported at $320.4 million in REIS. An enterprise
savings rate of 3.5 percent (Robinson et al., 1990) was used to estimate total retained
earnings by enterprises. In the case of depreciation charges, it was assumed that there is a
difference between agriculture and non-agriculture sectors.

For the non-agricultural

sectors, a 38.5 percent depreciation rate (Robinson et al., 1990) was utilized. In the two
agricultural sectors, a rate of 9.7 percent was used based on calculations using data from
PCRWFA. As a result, out of $17,192.2 million in enterprise income, $10,089.7 million
(58.7 percent) was estimated to go to Louisiana households in 1993.
The resulting estimate of total personal income received by all households in
Louisiana in 1993 from institutions, as reported in the Louisiana SAM, was $73,718.3
million ($46,451.7 million from labor, $455.9 million from land, and $10,089.7 million
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from enterprises (Table 4.4)). These estimates of total personal income were 2.5 percent
higher than the REIS estimate of total personal income for Louisiana in 1993.
The previously discussed share distribution estimates based on CES data were used
to distribute labor and enterprise income as personal income to the three household income
groups. For labor income, $4,190 million was estimated to go to low income households,
$20,940.5 million to medium income households, and $21,321.4 million to high income
households. Enterprise income was distributed in a similar fashion—$1,155.3 million for
low income, $4,291.1 million for medium income, and $4,643.3 million to high income
households. For property income, a share distribution estimate from Rose et al. based on
national data was applied. The distribution of property income was $14.8 million to low
income households, $4,291.1 million to medium income households, and $4,643.3 million
to high income households (Table 4.4)
Total government transfer income to households for Louisiana in 1993 was
estimated at $15,479.4 million (BEA-USDC, 1994). The transfer income shares by
household income group—estimated with the adjusted CES data—were used to distribute
this income among the three household income groups. Transfer payments to low,
medium, and high households in Louisiana were estimated to be $7,363.6 million, $5,874.4
million, and $2,241.4 million in 1993 (Table 4.4).
In the Louisiana SAM, government transfer income received by each o f the three
household income categories was distinguished by source: federal government or state/local
government. Estimates of the share of transfer income paid to households by each o f the
two levels of government was based on income transfer payment data reported by level of
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government in the Statistical Abstract of the U.S. (Bureau of the Census, 1995). The
estimated share of transfer payments to households for the federal government was 59.3
percent, while the estimated share of household transfer payments to households for
state/local government was 40.7 percent.
The other two sources of income identified for households in the Louisiana SAM
were income transfers between the three households income groups and remittances to
Louisiana households firom outside the state. Because of lack of data, inter-household
transfers were used to balance the SAM after all other accounts had been estimated in the
relevant columns and rows. The same approach was used with regard to remittances except
that the original entries in the IMPLAN social account report for the Louisiana models were
used as a guide. That is, estimates in the original IMPLAN models were assumed to be
close to the true values. Therefore, the new values in the Louisiana hybrid models were not
allowed to diverge greatly from these original values. With all the relevant accounts
(sources) estimated and incorporated into the SAM, all income due to Louisiana households
was calculated by adding up all income sources for each of the three household income
levels. In 1993, low income households in Louisiana received an estimated 18.0 percent,
medium income households received an estimated 43.0 percent, and high income
households received an estimated 39.0 per cent of total personal income (Table 4.4).
Government Income
Government revenue accounts in the Louisiana I-O and SAM for 1993 include
indirect business taxes (IBT), factor taxes, corporate income tax, personal income tax, inter
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government transfers, and remittances to government from outside the region. These
accounts are also typical in most regional impact models.
Government income determines the size and the extent to which government can
meet its spending obligations. When income exceeds expenditures, the government runs
a surplus budget and thus it can save. When government income falls short o f expenditures,
it must run a deficit budget that is financed by borrowing.
In the Louisiana I-O, IBT were removed from the value-added account as previously
discussed and entered in the corresponding column of the paying industry into a single
consolidated government row account. In the Louisiana SAM, two levels o f governments
were designated. It is necessary to distribute IBT, which are primarily sales and excise
taxes, among the federal government versus state/local government accounts. The fixed
shares used to allocate IBT between governments was derived by using the IMPLAN
estimate of total IBT as a control total. The REIS data for Louisiana in 1993 reported tax
paid as personal taxes, sales taxes, excise taxes, and capital taxes to state government and
local government. Those items that were determined to be IBT (IMPLAN Group, 1996)—
sales, excise, and severance taxes—were identified and summed to estimate total IBT
accruing to state/local government. The state/local government IBT total was subtracted
from the IMPLAN IBT control total to yield IBT payments to the federal government. The
federal government was thus estimated to receive 55.6 percent of all IBT and state/local
government was estimated to receive 44.4 percent of all IBT.
Owners of land, labor, and capital pay income taxes to governments. The CES data
reported total personal income tax paid to each level of government across the different
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household income classes. In the Louisiana SAM for 1993, fixed shares were used to
allocate estimated tax payments relating to land, labor, and capital ownership between the
federal and state/local governments. For labor, the fixed shares were based on estimates
of wages and salaries and tax collected by level of government using the adjusted CES data
for the southern region. As a result, 80.4 percent of all wages and taxes were estimated to
go to the federal government and 19.6 percent to state/local government.
Recall that the REIS data for Louisiana reported taxes paid by major category
(personal taxes, sales, excise and capital) to local and state government. The reported value
for capital was used to estimate such taxes paid to state/local government. The estimate o f
total tax paid by each of the factors of production as originally reported in the IMPLAN
SAM for Louisiana was assumed to be correct. Total capital tax collected by the federal
government was then estimated as the difference between total capital taxes collected and
the estimate of capital taxes going to state/local government. Total corporate income tax
paid was estimated at $320.38 million (USDC-BEA, 1994). In the SAM, corporate income
tax was distributed between the two levels of government by assuming that it followed the
same distribution used for distributing capital taxes. For land payments, there are no
available tax rates published for 1993. The estimate used here was based on the implied
rates justified by data provided in the 1990 State Finances Report (USDC, 1990). The
federal government share of corporate taxes was estimated to be 37.8 percent while the
state/local government share was 62.2 percent.
A major source of government income is the personal income tax. To determine
total personal income tax paid by households in each of the three household income levels
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in the 1993 Louisiana SAM, household income from all sources was classified into earned
income (land, labor), transfer income, and capital income. To estimate tax and savings
rates, all earned income (except income from capital sources) was grouped with taxable
transfer income. Capital income was assumed to be taxed separately at the rate of 35
percent (Robinson et. al., 1990). The taxable portion of transfer income was estimated
from detailed Social Security Administration data found in the Statistical Abstract of the
U.S. (Bureau of the Census, 1995). For example, items, such as Food Stamps and Aid to
the Family with Dependent Children (AFDC) payments, were removed from total transfer
payments to determine the taxable portion of government income transfers to households.
It was estimated that 60.3 percent of transfer income was taxable. The estimated earned
income (less capital income) was taxed at the rate of 15.6 percent, 20.8 percent, and 28.6
percent for low, medium, and high income households. These rates were determined based
on average tax rates for income taxes paid by Louisiana residents in 1993 as indicated in
federal and state income tax return forms (Louisiana Dept, of Revenue and Taxation, 1993;
Internal Revenue Service, 1993).
Total taxed paid by each household income group were allocated to the two levels
of government in the Louisiana SAM based on the adjusted CES data for the southern
region. According to the CES-based estimate, federal government received 59.6 percent of
tax payments by low income households while the state/local government share was 40.4
percent. For medium income households, 78.9 percent was estimated to go to the federal
government and 21.1 percent to state/local government. For high income households.
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federal government received 83.0 percent o f total taxes paid while the state/local
government received 17.0 percent.
One additional source of income identified for the state/local government account
in the Louisiana SAM and I-O models was inter-govemment transfer payments.
Institutional transfers, such as transfers from one government to another, are one o f the
distinguishing characteristics of a regional SAM. Inter-govemmental transfer payments
from the federal government to the state/local government account was taken from the State
Finances Report (USDC, 1993), which indicated that state/local government in Louisiana
received $4,305.8 million from the federal government in 1993 (Table 4.3). No data source
was available concerning remittances to government from outside Louisiana. An example
o f such a remittance would be income taxes o f Louisiana businesses and residents living
outside the state. Hence, once the value for all other accounts had been estimated, entries
in the ROW account (remittances) column in the two government accounts rows was
estimated as a residual in the balanced SAM accounts. In balancing the state/local
government row total, total local/state government revenue of $20,459.5 million (1993
State Finances Report) was used as a control total.
Regional Savinas
Generally, sources of savings in the regional models are retained earnings and
depreciation expenses by enterprise account, household savings, and net external savings.
The previously estimated retained earnings and depreciation by industries were combined
as a single value ($7,017.5 million) (Table 4.3), which is found in the enterprise column
o f the savings account row. Household savings is usually estimated based on disposable
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income. There were no readily available personal savings rates for different household
groups in Louisiana in 1993. The savings rates used for the different types of income
sources were estimated from several sources including Robinson et al, 1990; Louisiana
1993 IMPLAN reports; and Damay, 1996. Savings rates of 4.1, 17.4, and 4.6 for earned
income, capital income, and transfer income estimated from these sources were used for
both medium and high income households. For the low income group, estimated savings
rates of negative 3.7 percent is applied to disposable income from all sources. Thus, the
average savings rates for low income was estimated at negative 3.7 percent for low income
households, 5.2 percent for medium income, and 6.2 percent for high income households.
Savings in state/local government account was taken directly from an IMPLAN report. Net
external savings was estimated as a residual to balance savings and investment in the
region. The estimated total regional savings in the Louisiana SAM model was $9,057.4
million (Table 4.4).
Rest of the World IROWl
The ROW accounts depict the linkage between the Louisiana economy and the rest
of the world, including the rest of the United States. These accounts are comprised of both
trade in goods and services and financial transactions between Louisiana and other parts
o f the U.S. and the world. In an I-O model, there is no need for the ROW account to
balance since the I-O does not fully account for all flows in the economy. SAM models
offer full accounting for all economic flows, therefore; SAM ROW accounts must balance.
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Trade (Industrial Import and Exports)

Trade flows are some of the most important estimation in regional models because
o f their influence on multipliers and hence on any estimate of policy impacts. There are
several approaches used in estimating movement o f goods and services between a region
and the rest of the world. Two approaches used in IMPLAN are the Regional Purchase
Coefficients (RPCs) and the Supply and Demand Pool (SDP).
A regional purchase coefficient (RPC) represents the proportion of a region’s total
supply of the commodity in question that is used to meet its regional intermediate (industry)
and final demand. For example, a RPC o f 0.25 for cottons means that 25 percent of all
demand for cotton is met by local producers. Hence, 75 percent of regional cotton demand
is satisfied by regional imports. RPCs are important in regional models because of the
influence on regional trade estimates. The RPC and the SDP values resulting firom the nine
sector aggregation are shown in Table 4.5.
SDP is the ratio of regionally produced commodity supply net of foreign export to
gross regional demand or the maximum amount of regional supply that is available to meet
regional demand. In previous regional models, the SDP coefficient was used to estimate
regional trade where cross-hauling (simultaneous import and export of the same
commodity) was ignored. Cross-hauling has been observed as ubiquitous in regional
economies and can have many causes such as brand differentiation, aggregation of data,
vertical corporate linkages, and seasonality of production (Begg, 1986; Hughes and
Holland, 1994). Ignoring cross-hauling in a regional I-O model may result in overestimation
of regional impacts resulting from an exogenous change in final demand because use of
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Table 4.5: Regional Purchase Coefficients (RPC) and Supply/Demand Pool (SDP)
for Aggregated Sectors in the Louisiana 1-0, SAM, and CGE Models.
Aggregated
Industry Code

Aggregated
Industry Name

SDP

RPC

1

Livestock

0.478

0.477

10

Other Crops

1.000

0.340

21

Soybeans

0.921

0.044

24

Fishery, Forestry and
Agricultural Services
(FFAS)

0.819

0.159

28

Mining

1.000

0.604

48

Construction

1.000

1.000

58

Manufacturing

0.833

0.367

433

Trade, Finance, Insurance, Real Estate
and Utilities (TFU)

0.880

0.744

463

Services

0.877

0.823
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regional production is overestimated. The RPC is an attempt to reduce this possible bias
in using ready-made national models in a regional context.
In IMPLAN, the RPC is set based on a set o f econometric equations for all
shippable commodities (IMPLAN sectors 1-432). Exports of good and services are
classified into foreign export and domestic export. Foreign exports are determined by
apportioning national exports to the region, based on the region’s contribution to national
product for that commodity. For example, if Louisiana has 10 percent of all rice milled in
the U.S., then the state is assumed to have 10 percent of all milled rice exports. Prior to
model generation based on regionally available data, domestic exports are calculated during
the INIPLAN model creation. Because the extent of trade depends on total regional supply,
estimation of regional supply is a first step in estimating trade flows.
Based on expert opinions, available regional data, and economic theory, original
IMPLAN RPCs underlying the three Louisiana models were all evaluated for accuracy.
RPCs for 58 commodities were modified (Appendix Table A provides new and original
values). For example, the RPC for Bottled and Canned Soft Drinks and Water (95) was
originally 0.13, indicating that 87 percent o f commodity demand in Louisiana was met by
imports. However, bottled water and canned drinks are generally sold by local bottling
outlets designated by major national firms to meet local markets demand to minimize the
transportation costs of a bulky final product (consistent with firm location theory). A
degree of downward bias was assiuned to exist in the estimated RPC for this commodity.
The level of bias would be a function of the difference between the ’’true” (but unknown)
RPC and the RPC used in the model. Hence, the RPC was reset at 0.90, indicating that the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

164

market for this commodity was primarily a regional market. Given these underlying
assumptions and methods, imports and export values of goods by industries shown in the
SAM and 1-0 accounts were taken mostly from IMPLAN reports except when adjustments
are necessary to balance SAM accounts. However, it should be noted that RPCs for 58
commodities were adjusted, which resulted in new estimates of trade for all of these
commodities and hence in the Louisiana SAM and 1-0 models.
Institutional Trade, Remittances, and Transfers
Financial transactions involving remittances and transfers in and out of Louisiana
by households, businesses, and government represent the other components of the ROW
accounts. Such transfers also include labor and capital income leakages from the state (i.e.,
factor-services imports). In the Louisiana SAM model, financial transactions and
institutional trade in goods are determined once all other accounts have been estimated.
This is also the approach followed in IMPLAN (IMPLAN Group, 1996). This approach
is usually followed because there are no available regional data to estimate these
transactions directly.
In 1993, according to both the 1-0 and SAM, Louisiana industries exported
$48,195.5 million worth of goods and services while all sectors imported $28,147.9 million
worth of goods and services. However, this does not give the full picture of the ROW
accounts as the financial and other transactions including institutional imports and exports
of goods are yet to be accounted for. Total institutional remittances and transfers, including
commodity imports into the region (state), were estimated in the Louisiana SAM to be
$24,451.1 million while total institutional remittances and transfers out of the state was
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estimated to be $5,057.2 million. Income transfers and remittances out of the state and
imports of goods for consumption are comprised o f $3,367.5 million in factor payments,
$11,805.1 million by Louisiana households, and $9,278.6 million by all levels of
government. The transfer and remittance out of the state by institutions is comprised of
$529.9 million by Louisiana households and $4,527.0 million by both levels of government
in the Louisiana SAM.
With all these accounts and entries filled, the total value of the ROW account row,
including imports o f goods and services and all noncapital financial transactions, in the
Louisiana SAM for 1993, was estimated at $52,599.1 million. Similar estimate for exports
and noncapital financial inflows in the ROW account was $53,252.6 million. Thus, except
for capital flows, the state recorded a surplus of $653.5 million (created as negative value
in the ROW column account) in its interactions with the rest of the world in 1993 (Table
4.3). To obtain the necessary balance in the SAM, original IMPLAN trade and financial
flows values were used as a guide. Hence, the ROW surplus is balanced by net capital
investment trade of negative $653.5 million in the capital account. Therefore, the state was
a net exporter of capital.
This financial flows result is consistent with earlier results of Rose and Stevens
(1989) on the nature of transboundary capital flows. It is also consistent with the
expectation about transboundary capital flows in a mining dependent region, such as
Louisiana (Kilkenny, 1990).

Although realistic, the estimates here were based on

assumptions of partly articulated regional data, which is better than the usual “no cross
payments” assumptions associated with most regional input-output models.
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The result of applying the structure, specification, and assumptions in the preceding
discussions is the 1993 1-0 and SAM for Louisiana provided in Tables 4.3 and 4.4. Total
industry output was estimated to be $157,268.8 million ($44,069.3 million worth of
intermediate production and $113,189.5 million worth of final demand). Nominal GSP for
Louisiana at factor cost was estimated to be $76,460.6 million in 1993.

CGE Parameters and Calibration
The basis of the 1993 LACGE is the regional SAM accounts. As a rule, a CGE is
based on a known and unique equilibrium. Given the assumptions o f profit and utility
maximization underlying a CGE model, the existence and uniqueness o f an equilibrium is
ordinarily taken as given. The economy depicted in a SAM is also required to be in
equilibrium. Thus, a CGE must be able to reproduce the SAM upon which it is based as an
initial starting point.
Calibration is a numerical method by which the transactions observed in Table 4.4
are reproduced by the CGE equilibrium state. The procedure is to substitute the values in
Table 4.4 for the equivalent variables in the relevant equations in the CGE model outlined
in Chapter Three. However, not all of the parameters indicated in a CGE equations can be
obtained directly firom the SAM. The usual approach is to either econometrically estimate
those unavailable parameters directly, or use other estimates that exist in the literature.
Since econometric estimation o f individual parameters can be time consuming, most CGE
studies rely on existing estimates by other researchers (Shoven and Whalley, 1992). This
is the approach taken in this study.

For example, elasticities o f substitution and

transformation in the trade equation were taken firom de Melo and Tarr (1992), and Shiells
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et. al. (1986). Also, the elasticities of export demand were taken from de Melo and Tarr
(1992). The elasticities of import substitution used in this study range from 0.5 to 4.0; for
export transformation, the range is from 0.6 to 1.9 (Detailed elasticity and parameter values
are provided in the CGE GAMS program in Appendix Table B). To estimate investment
by sector of origin (INVOK), it was necessary to transform IMPLAN database data on
investment by sector of destination (INVDK) using CCM. CCM was estimated based on
data provided in the Survey o f Current Business (BEA, 1985).
Given these estimates and the data in the SAM, the calibration procedure is
straightforward. Because in a general equilibrium of the Walrasian type, only relative prices
matter, initial prices underlying the SAM data are usually fixed. The normalization rule
generally applied is to fix initial prices at l(Kehoe and Kehoe, 1994). Consider equation
(3-2), for example, which is reproduced below. In the equation, the Ps are value-added
shares, which can be estimated from the value-added matrix in the SAM by dividing valueadded in each factor category by total value-added for that sector
X, = a.LBjP“ LNiP'" KTjP*

(4-2).

Given estimates of Ps, the only unknowns are the as, which are then easily estimated. With
these estimates and the assumptions about initial prices, and given that all variables in (353) are available in the SAM, optimal factor demands in equations (3-8), (3-10), and (3-12)
are easily calibrated. Similar procedures are followed in all the equations in the model,
thereby arriving at initial equilibrium values for all the endogenous variables. If any one
of the endogenous variables is changed, new values taken by all other variables can be re
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calculated (Kehoe and Kehoe, 1994). This procedure is the essence of counter-factual
policy simulations in CGE models.
It is usual in most general equilibrium models to allow for an arbitrary choice o f a
numeraire, that is, the unit in terms of which all other values are expressed. In models
focussing on welfare change such choice of numeraire has included normalized prices
according to a price index based on consumption weights,
S’ .[hhcSi PQi = 1

(4-3).

A change in wage rate, for example, would then be termed changes in the real wage rate
(Kehoe and Kehoe, 1994). Because this is a regional study, and following Despotakis and
Fisher (1988), Harrigan and McGregor (1989), Sullivan et. al. (1997) and Waters et. al.
(1997), the exchange rate is the numeraire employed.

Summary
The initial database for the Louisiana hybrid (modified) models was the 1993
Louisiana 1-0 model based on the IMPLAN model building system. Modifications that
were made to the Louisiana 1-0 model to create the hybrid models were explained. Data
sources and procedures used in constructing the Louisiana 19931-0 and SAM models were
presented. Use and calibration of parameters for the LACGE, such as elasticity of
substitution, were also discussed.
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CHAPTER 5
EM PIRICAL M ODELS’ SIMULATION RESULTS AND ANALYSIS
In this chapter, assumptions and WRP policy simulation strategies used in each of
the three models—the Louisiana 1-0, SAM, and CGE—utilized in this study are discussed.
Sectoral and aggregate level simulation results obtained from each of the models are
presented and analyzed. In addition, a comparative analysis of the results is discussed.

Assumptions of Model Simulations
Studies of the CRP—a program similar to the WRP—are based on similar simulation
scenarios to the ones used here. In this regard, Siegel and Johnson (1991) outlined four
guiding principles found in most of these studies. These principles provide both the basis
for comparing studies and for consistency in the treatment of payments and compensation
accruing to program participants. The first principle states that because participants in the
program are compensated for loss of employment, implied change in regional employment
should exclude reductions in participants employment. The second principle states that
because factors previously employed (e.g., hired labor) in the targeted sectors are not
directly compensated, the implied employment losses due to the WRP should be included
in the estimates of employment change. The third principle assumed that because
participants receive compensation in the form of transfer payments which they spend,
estimates of regional impact of the program should reflect this payment as well as the
induced spending in the economy. According to the fourth principle, v/here the objective
of the program directly includes output reduction in target sectors, estimates of negative
impacts of the program should exclude planned reduction in target sectors.
169
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As indicated in Table 5.1, most of the previous studies have followed these
principles to varying degrees, depending on the particular focus o f the study. Because this
study is more comprehensive in scope, especially in terms o f models utilized, some
modifications to the principles are necessary. Also, the WRP has a slightly different
objective than the CRP. For example, targeted output reductions is not one o f its goal. By
construction and using relevant PCRWA data, the Louisiana models followed principle one
by limiting the direct shock to labor employed in impacted sectors. Principle two was also
implemented in the Louisiana model. That is, in the case of the fixed-price models, hired
labor losses were inherently accounted for in the impact of expenses foregone by WRP
farmers. In the CGE, principle two is also implemented by making wages endogenous. In
all the three models utilized here, principle three was fully implemented by treating WRP
easement payments as income to be spent according to the current consumption patterns
o f recipient households. Since output reduction in any particular sector is not one o f the
objectives of the WRP, principle four was not relevant. Hence, in the Louisiana models,
the WRP negative economic impact is one of the key variables included in modeling the
regional impacts of the program.
Assumptions regarding alternative model specifications may also influence results
o f simulations. Therefore, assumptions underlying the operations o f agents in the regional
economy especially in the input, investment, and trade markets may be crucial. Key
underlying assumptions of the different model specification that drives the simulation
scenarios employed in this study are presented in Table 5.2.Wages are exogenous in the
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Table 5.1: Alternative Principles and Scenarios Analysed in Previous Studies of the Conservation Reserve
Program and other Land Impact Studies and in this Study.

8

A ltern ativ e P rin cip le U tilized

"O

A llo w ab le A ctiv ity
Study

Scenario E xam ined

V ariab le A n aly sed

Input secto rs

G ro ss outp u t

1

11

111

rv

In cluded

CD

B ro o m h all an d Jo h n so n (1990)

3.
3
"

CD
CD

C

aO
3

no

yes

no

no

M a r tin e t al.(1988)

Input secto rs

Incom e

na

na

yes

yes

no

M o rlen sen et al. (1989)

Input secto rs

G ro ss outp u t

yes

no

yes

no

no

no

no

yes

yes

no

no

yes

no

no

no

yes

yes

yes

yes

E m ploym ent

“D

O
Q.

y es

E m p lo y m en t

S tan d aert an d Sm ith (1989)
U S D A (1989)

Input secto rs

G ro ss outp u t

C rop secto rs

Incom e

C rop secto rs

G ro ss outp u t

■D

E m p lo y m en t

O

Incom e
CD
Q.

S iegel an d Jo h n so n (1991)

T h is S tudy
■D

CD

C rop secto rs

G ro ss outp u t

R ecreatio n

E m p lo y m en t

expenditures

Incom e

C rop sectors

G ro ss outp u t

hiput secto rs

E m p lo y m en t

yes
(partial)

yes

yes

yes

yes

yes
(partial)

Incom e
en
en

P rices

Notes:
I. na: not applicable. 2 . 1: treatment of employment; II: treatment o f hired labor; III: treatment of transfer payments;
and rV ; treatm en t o f loss output.

Source: Siegel and Johnson (1989).
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Table 5.2: Alternative Key Macro-ciosure Specifications in the Louisiana Regional Models.

33

Regional
Labor Supply

Other Regional Factor
Supplies

Savings -Investments
Behavior

Louisiana CGE

Fixed; Endogenous
W age rate

Fixed for Capital
and Land; Endogenous Factor
Incomes

Endogenous Investment and
Savings-Driven

Endogenous Revenue
Fixed Real Spending
Savings Residual

Intersectoral Mobility
of Factors \wlthin
Region

Louisiana 1-0

Perfectly Elastic
Labor and Fixed Wage Rate

Fixed for Capital
and Land; Fixed Factor
lncomes(except labor)

Fixed Investment
Savings Is Pure Leakage
Fixed Imports and Exports

Fixed Expenditures and
Fixed Revenue

Intersectoral and
Inter regional Mobile
Factors

Louisiana SAM

Perfectly Elastic
Lat)or and Fixed Wage Rate

Fixed Capital
and Land; Endogenous Factor
Incomes

Fixed Investment/Savings
Fixed Imports and Exports

Fixed Expenditures and
Fixed Revenue

Intersectoral and
Inter regional Mobile
Factors

"

CD

■CDD
O
Q.

Regional Model

C

a
o

Implication
Government

3

■D
O
CD

Q.

"O
CD
C/)
C/)

io
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fixed-price models. Thus, these models are demand driven because wages do not adjust
to equilibrate supply and demand changes in the labor market. This formulation also
ensures that the region is insulated from wage movements beyond Louisiana’s borders and
that sectoral input substitution is also not possible. Since the Louisiana 1-0 also
incorporates fixed prices and exogenous investments/savings and trade accounts, impact
of changes in sectoral demand are limited to the inter-industry linkages and to household
spending effects through endogenous income. In the case of the Louisiana SAM, prices are
also fixed, but endogenous factors, institutional, and household incomes ensure that
impacts of exogenous changes are more completely accounted for. By making factor and
hence institutional income endogenous in this case, the SAM allows for the effect o f a
dollar change in final demand to be transmitted to more sectors than allowed in the I-O.
In the CGE, total factor supplies are also fixed for the region. However, more
variables, including wages, factor incomes, investment, and government revenue, are
allowed to change in response to any perturbation in any exogenous variable in the
economy. Thus, unlike the Louisiana fixed-price models, the Louisiana CGE allows for
within-region factor substitution as wages act as an equilibrating variable to changes in
intersectoral input demand and supply. By fixing trade variables in the face of endogenous
investment and fixing real government spending, impact of exogenous changes in the
economy are internalized as compared to the other models. However, because any change
in an endogenous variable in any sector of the economy is linked, via prices, to other
sectors, feedback effects are the rule in this CGE. These feedback effects tend to temper
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the magnification of impacts on the economy of exogenous changes that are typical in
fixed-price models.

Model Simulation and Implementation Strategies
As indicated in earlier chapters, the WRP is a long-term program thus entailing
activities that will occur in multiple periods at different levels of intensity. Because this
study is an economy-wide impact analysis and not a project appraisal as such, strict benefitcost analysis (BCA) will not be used. However, representative years for different periods
are used to evaluate the impacts o f the program.
Participants are required to restore cropland to wetlands in the WRP while receiving
easement payments. Restoration costs were separated into three main activities:
expenditures for labor, disking, and seeding. The major components of disking and seeding
are equipment and implements costs. Therefore, these costs were treated as demand on
capital in the relevant sector, FFAS. Easement payments were treated as transfer income
to WRP participants that may be spent based on the current expenditure pattern that is
assumed to not change over time. Foregone output was treated as a direct reduction in the
final demand of relevant sectors in the I-O and the SAM. However, foregone profits were
excluded and treated as a reduction in the level of easement payments.
In the CGE, simulated changes are only possible with exogenous variables.
Because output is endogenous, it is not possible to simulate changes in final demand
directly. Therefore, changes in production were modeled as resulting firom changes in the
demand by government for agricultural land that is currently fixed. To implement this
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scenario, a new variable, WRPLN (WRP land) was created and assigned a zero value at the
initial equilibrium. The effect of agricultural land being transferred to the WRP was thus
simulated by increasing the values of WRPLN in the relevant sectors according to the
number of acres enrolled.
Program effects were evaluated for three different periods of the WRP, following
a procedure used by Broomhall and Johnson (1991) for the CRP. In the first year (period
one) o f the program, easement payments, recreation revenues, restoration and maintenance
expenditures, and foregone output would all directly affect the regional economy (Table
1.3). In years 2 through 5 (period two) of the program, recreation revenue and easement
payments were a benefit, while output losses were a negative impact on the regional
economy. In period three (years 6 through 30), benefits were limited to recreation revenue
and costs were due to lost output. In modeling impact scenarios, period one and
representative years in the other periods were examined.

Simulation Results for the Louisiana Regional Models
The results of the direct impact o f the WRP on the Louisiana economy and the
impact estimates imder the different scenarios are presented and discussed in the following
sections. Except for the direct impacts, all impact estimates are driven by the specific
model structure. Therefore, results for each model are presented separately first, and then
the aggregate impact on the economy is compared across the three models utilized for
Louisiana.
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Direct Impacts of the WRP
Estimates o f the direct effects of the WRP on various sectors of the economy are
provided for the three periods in Table 5.3. It indicates that in the first year of the WRP,
a net total of $17.75 million was injected into the Louisiana economy. Recreation costs,
easement payments, and recreational revenue were a positive benefit to the regional
economy (totaling $18.889 million) while output loss was a negative impact ($1.138
million). On the other hand, a typical year in period two brought into the economy an
estimated $6.017 million in positive impacts (easement payments and recreational revenue)
and a $2.223 million impact in output loss for a net total impact of $3.794 million. For a
typical year of period three, net total impact on the economy was a loss o f $1.559 million
arising from a positive impact in recreational revenue of $0.273 million and output loss
valued at $1.833 million.
These injections into the economy are not uniformly distributed among agents or
sectors of the economy. For example, fishery, forestry, and agricultural services (FFAS)
received the bulk o f these injections in the first period and none in the other periods. On the
other hand, households received income in all periods, but at a reduced level in the third
period. Similarly, output loss in soybean and other crops occurred in all the periods
although at different levels. Although the loss in yield was assumed to be constant,
different prices were used as appropriate in estimating lost total revenue. For example, for
period two, relevant year prices were used to estimate the value of output loss for each year
between 1994 and 1997. Then these values were adjusted to 1993 prices and the average
taken to obtain the typical year estimate for the period. However, for period three constant
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Table 5.3: Phased WRP Direct Impacts Estimates on the Economy o f Louisiana, 1993 ($ million).

Variables

Period 1
(Year 1)
1993

Period 2
(Typical Year)
1994 to 1997

Period 3
(Typical Year)
1998 to 2022

Impacted
SectorA/ariables

"

CD

■CDD
O
Q.
C

aO
3
■D
O

Restoration Costs:
Labor
Capital

9.9723
2.8065

E asem ent Paym ents

5.8365

5.7436

Recreation Revenue

0.2733

0.2733

0.2733

Household Income

Net Ouput Loss;
Soybean
Other Crops

0.6856
0.4519

1.4263
0.7967

1.0978
0.7348

Soybean
Other Crops

FFAS(1)
FFAS
Household Income

CD
Q.

■CDD
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C/î

Note:

I. FFAS: Fishery, Forestry, and Agricultural services

178

1997 prices was used to estimate initial values, which were subsequently adjusted to 1993
prices. Thus, the initial shock to the economy as reflected in these results implied the
results of indirect and induced impacts for each of the models utilized will likely differ
from period to period and across sectors.
Fixed-Price Models Impacts
The estimates reflected in Table 5.3 were applied to the multiplier matrices of the
Louisiana I-O ((I-A) ') and SAM ((I-S)'') models. Given the assumptions in Table 5.2,
household spending was endogenous in the I-O. In the SAM, households and all other
institutions except government, savings/investments, and ROW were treated as
endogenous. In the Louisiana I-O, household income treated as endogenous was the labor
compensation and proprietary income components of value-added. Because households
as institution was distinctly specified, real household income flows were used in the SAM.
As discussed in Chapter Two, this basic difference in closure rules between the I-O and
the SAM usually influences multiplier estimates and hence, the magnitude of impacts.
Input-Output Model Results
The structure of the I-O means that impact estimates are limited only to changes in
industrial output and household income (selected part of value-added) of the economy. As
indicated in Table 5.4, and as estimated with the Louisiana I-O, effects o f the WRP were
mixed for the economy depending on the period considered. In period one, there was a
decline in output in soybean and other crops sectors whereas all other sectors, including
household income, experienced increases. The decline in output was largest in the soybean
sector at -0.33 percent ($0.7 million) while the largest increase in output occurred in the
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Table 5.4; WRP Impact on the Louisiana Economy in Periods One, Two, and Three Based on the Louisiana I-O Model.

■8D
Period 1
Pre-WRP
With-WRP
(million 1993 $) (million 1993 $)

Sector

3.
3
"

CD

■CDD
O
Q.
C

a.
O
3
"O
o

Livestock
Other Crops
Soybean
Fish., For., and Agric. Services
Mining
Construction
Manufacturing
Trade, FIRE, and Utilities
Services

% Change
From
Pre-WRP

% Change
Period 3
Period 2
With-WRP
From
With-WRP
(million 1993 $) Pre-WRP (million 1993 $)

% Change
From
Pre-WRP

659.250
1049.770
207.850
450.920
7101.820
18623.430
43420.860
49120.810
36624.090

659.373
1049.721
207.165
463.798
7102.105
18624.690
43423.970
49131.000
36631.510

0.0187
-0.0047
-0.3295
2.8559
0.0040
0.0068
0.0072
0.0208
0.0203

659.264
1048.988
206.411
450.914
7101.952
18623.850
43422.170
49126.060
36627.810

0.0021
-0.0745
-0.6925
-0.0014
0.0019
0.0023
0.0030
0.0107
0.0101

659.243
1049.026
206.739
450.911
7101.614
18623.390
43420.800
49120.670
36624.070

-0.0011
-0.0708
-0.5344
-0.0020
-0.0001
-0.0002
-0.0001
-0.0003
0.0000

157258.800

157293.332

0.0220

157267.418

0.0055

157256.663

-0.0014

54344.280

54359.670

0.0283

54348.300

0.0074

54343.860

-0.0008

211603.100

211653.000

0.0236

211615.700

0.0060

211600.500

-0.0012

CD

Q.

Sub-Total

■CDD
C/)
C/)

Household (Labor)
Total

Notes:
1. Impact estimates for the other crops sector, soybean sector; and fishery, forestry, and agricultural services sectors
reflect direct and indirect effects, while other sectors are indirect effects only.
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FFAS sector at 2.9 percent ($12.9 million). Total industry output increased by 0.02
percent while household income increased by 0.03 percent. Most (70 percent) of the impact
of the WRP on the economy was limited to the interindustry part of the economy. Changes
in the household sector accounted for the remaining 30 percent of the impact. This result
is consistent with the earlier discussion that the structure of the I-O limits impact to
primarily the industry portion of the economy. Thus, the levels of impact will be driven
to a large extent by the strength of interindustry linkages in the economy. A similar
situation occurred in period two, but in this case output also declined in the FFAS sector.
However, increases in output and household income were generally smaller than in period
one. This result reflected the reduced injections into the economy as portrayed in Table 5.3.
Therefore, total industry output increased by a lower percentage (0.0055) as compared to
the first period. Household income in this case increased by 0.0074 percent as compared
to 0.028 percent in the first period. However, in this period household income accounted
for a slightly higher percentage (32 percent) of the total impact of the WRP in the economy.
In the third period, the effects of the WRP were non-positive across all sectors. The
largest decline occurred in the soybean sector at 0.5 percent ($1.1 million) and was smallest
in the services sector where there was no change. In this case, the decline in total output
was 0.0014 percent while the decline in household income was 0.0008 percent. Overall
output decline was responsible for 94 percent of the total impact on the economy.
Across all periods, the picture of these impacts is edso mixed for most sectors.
Output declined in two sectors, other crops and soybean, in all years while only the services
sector maintained current output or increased its output in all periods. In most o f the other
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sectors the situation is mixed because output increased in the first two periods whereas it
declined for all sectors in the third period. In the aggregate, the I-O model showed that
overall economic activity increased by 0.02 percent ($49.9 million) in the first period, 0.006
percent ($12.6 million) in the second period but declined by 0.001 percent ($2.6 million)
in period three.
Social Accounting Matrix Results
Because the structure of the SAM is an extension of the I-O, all the sectors impacted
in the I-O model are also impacted in the SAM. However, due to the more detailed
treatment of economic flows and the closure rules applied in the SAM, additional sectoral
impacts are depicted in Table 5.5. Effects on factor, institutional and disaggregated
household incomes are additional information provided in Table 5.5 as compared to Table
5.4.
In period one, output declined in other crops and soybean while income declined
for land and for property sectors. Output increased for all other production sectors, and
income increased for other factors, institutions, and all Louisiana households. The decline
in output was largest in soybean at -0.3 percent ($0.7 million) and the decline in income
was largest in land (0.04 percent and $0.21 million). The smallest decline in output
occurred in other crops at -0.005 percent ($0.05 million) whereas the smallest decline in
income was in the property sector (0.04 percent and $0.2 million). Increases in output was
largest in the FFAS sector at 2.8 percent ($12.9 million) while increase in income was
largest for labor (0.03 percent and $15.5 million).
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Table 5.5: WRP Impact on the Louisiana Economy in periods One, Two, and Three Based
on the Louisiana SAM Model.

■8o

Pre-W RP
(m illion 1993 Î )

Sector
L ivestock
O ther C rops

CD

Period 2

54 C hange

P eriod 3

% C hange

From
Ite -W R P

W ith -W R l'
(m illion 1993 $)

From
Pre-W R P

W ith-W R P
(m illion 1993 S)

F rom
P re-W R P

6 5 9 .2 5 0

659.373

0 .0187

6 5 9 .2 6 2

0 .0 0 1 9

659.241

-0.0 0 1 3

1 049.770

1049.721

-0.0047

1048.986

-0.0747

1049.024

•0.0711

207.S 50

207.165

-0.3294

2 0 6 .4 1 0

-0.6926

2 0 6.739

-0.5345

F ish.. For., and A gric. Services

4 5 0 .9 2 0

463.798

2 .8 5 5 9

450.9 1 3

7 102.107
18624.690

0 .0 0 4 0

7101.943

450.911
7101.804

-0,0021

7101 .«20

-0.0015
0,0017

0 .0068

18623.820

0.0021

18623.360

-0.0004

49131 .0 9 0

0 .0072
0 .0 2 0 9

4 3 4 2 2 .0 8 0
4 9 1 2 5 .7 1 0

0.0028
0 .0 1 0 0

43420 .7 0 0
49120 .2 9 0

-0.0004
-0.0011

3.
3"
CD

C onstruction

18623.430

M anufacturing
Trade,FIRM and Utilities

4 3 4 2 0 .8 6 0
4 9 1 20.810

■CDD
O
Q.

Services

aO
3
"O

•/• C hange

S oybean
M ining

C

Period 1
W ith-W R P
(m illion 1993 $)

43423 .9 8 0

-0.0002

3 6624 .0 9 0

36631.570

0 .0204

3 6 6 2 7 .5 6 0

0.0095

3 6623 .8 1 0

-0.0008

157258.800

157293.495

0.0221

157266.685

0 .0 0 5 0

157255.879

-0 .0 0 1 9

5 4344 .2 8 0

5 4359.740

0 .0 2 8 4

54348 .0 1 0

0 .0069

54343 .5 4 0

-0.0014

4 8 0 .9 6 0

480.751

-0.0434

480.281

-0.1412

480.392

-0.1181

2 1 6 3 5 .3 7 0

2 1 6 3 9 .9 2 0

0 .0 2 1 0

2 1 6 3 6 .2 3 0

0 .0040

21634 .7 7 0

-0.0028

Sub-Total

7 6 4 60.610

76480.411

0 .0 2 5 9

76464.521

0.0051

7 6 4 5 8 .7 0 2

-0.0025

4 6464.980
455.702
17431.130

0 .0069
-0.1412

4 6 4 5 1 .1 3 0
455.362

17428.200

0 .0039

17427.040

-0.0014
-0.1181
-0.0028

64351.812

0 .0 2 8 4
-0.0434
0 .0 2 0 7
0 .0258

4 6 4 5 4 .9 6 0
4 5 5.256

Sub-Total

4 6 4 51.770
4 5 5 .9 0 0
17427.520
6 4 3 3 5 .1 9 0

6 4 3 3 8 .4 1 6

0 .0050

64333 .5 3 2

-0.0026

S ub'T otol
L abor
Land
Capital

o

CD

Q.

■CDD
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L abor
P roperty
E nterprise

L ow Incom e

13243.360

13244.890

0 .0 1 1 6

13243.690

0.0025

13243.240

-0.0009

M edium Incom e
H igh Incom e

31697.740

31704.600

0 .0 2 1 6

3 1 6 9 9 .2 0 0

0 .0 0 4 6

3 1 6 97.200

2 8 7 77.150
73718.250

2 8 7 84.030

0 .0 2 3 9

7 3 7 33.520

0 .0207

2 8 7 78.330
7 3 7 2 1 .2 2 0

0.0041
0 .0040

2 8 7 7 6 .3 4 0
7 3 7 1 6 .7 8 0

-0.0017
-0.0028
-0 .0 0 2 0

371772.900

3 71859.200

0 .0 2 3 2

3 7 1 7 90.900

0.0048

3 7 1 7 64.900

-0.0022

Sub-Total
T otal

o'
3

Notes:
1. Impact estimates for other crops sector; soybean sector; and fishery, forestry, and
agricultural services sector; and medium income reflect direct and indirect effects,
while other sectors are indirect effects only.
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The pattern in period two also followed that of the I-O but output in FFAS now
declined as opposed to increasing in the furst period. All other sectors were impacted in the
same direction as in the first period; however, the effects were now smaller in magnitude
for most of the sectors. In the third period, the impact of the WRP on the Louisiana
economy were negative for all sectors although the magnitude of change were not
unidirectional for any particular part of the economy. The largest decline was for soybean
(0.5 percent) while the smallest decline was for the services sector. These results also
showed that in this period, the agricultural sector carried the greatest burden in terms of
relative declines in output.
When sectoral impacts from the SAM are viewed across periods, the pattern is eilso
similar to the I-O, at least for the industrial sectors. Output consistently declined in other
crops and soybean while income consistently declined for land and property. For all other
production sectors, factors, institutions and households, the picture was mixed. According
to the Louisiana SANI model, households in Louisiana were positively impacted in the first
two periods and all household groups experienced decreases in income in the third period.
Across periods, though the medium household group received all initial WRP payments,
they were only marginally better-off than the high income households. Medium households
received a $6.86 million increase in income in period one, a $1.46 million increase in
period two, and a decline of $0.54 million in period three while changes in high income
households receipts were $6.88 million, $1.18 million, and-$0.81 million in these periods.
The low income household benefitted the least from the program.
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On the whole, these patterns of distribution in terms of magnitude differ from the
I-O but were similar in terms of the direction of impacts. Also, in terms of the relative
distribution of the impacts among sectors, the SAM gives a different picture from the I-O.
While the I-O predicted that most of the changes in economic activities resulting from
implementing the WRP will occur within industries, the SAM results implied that other
sectors were responsible for additional changes and the combined contributions o f those
sectors may be more than industries’ contributions to these impacts. These results are also
consistent with previous discussions on the differences between the models in the
depiction of the Louisiana economy as well as the differences implied by the assumptions
about the economy in both models (for example, the size of multipliers).
CGE Model Results
The more detailed specification of the workings of the economy meant all impacted
variables identified in Table 5.3 can be distinctly specified as exogenous or endogenous
variables in the CGE. Other variables distinctly specified in the CGE, in addition to those
specified in Table 5.2, are provided in Appendix Table B. The results of the general
equilibrium depiction of WTIP impacts on the Louisiana economy are discussed in the
following sections.
Prices
Changes in prices with respect to selected variables are presented in Table 5.6. The
wage rate increased in all three periods. An important distinction between CGE and the
fixed-price models is that in the former, relative prices in factor markets can change in
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Table 5.6: Impact of the WRP on Prices in periods One, Two, and Three Based on
the Louisiana CGE Model.

V aria b le
W ag es (W )
L and R e n t (R N )(3):
L iv e sto c k
O th e r C ro p s
S o y b e an
T o tal
C ap ital R ent(R T ):
L iv e sto c k
O th e r C ro p s
S o y b e an
FF A S (4 )
M ining
C o n stru ctio n
M an u factu rin g
T F U (5 )
S erv ices
T o tal
O u tp u t (PX )
L iv esto ck
O th e r C rops
S o y b ean
FFA S
M ining
C o n stru c tio n
M a n u factu rin g
TFU
S erv ices
T o tal

% C h an g e

P e rio d 3

% C hange

From
Pre-W R P

CGE
W RP

F rom
P re-W R P

Pre-W RP

F ro m
P re-W R P (2 )

1.0000

1.0000

0.0 0 4 9

1.0000

0.0030

1.0000

0.0026

1.0000
1.0000
1.0000
1.0000

0.9731
1.0078
1.0351
1.0053

-2 .6 8 5 6
0 .7 7 5 4
3 .5079
0.5 3 2 6

0.9999
1.0035
1.0354
1.0129

-0.0121
0.3485
3.5393
1.2919

0.9 9 9 9
1.0027
1.0270
1.0099

-0.0096
0.2695
2 .7 0 3 4
0 .9 8 7 7

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

1.0050
0.9923
0.9811
0.9956
0.9971
1.0353
0.9981
1.0045
0.9656
0.9972

0 .5 0 1 2
-0 .7 7 2 9
-1 .8 8 7 4
-0 .4 4 1 2
-0 .2 8 5 5
3.5348
-0 .1 8 5 6
0 .4 4 7 0
-3.4431
-0 .2 8 1 4

0.9998
1.0001
1.0282
0.9998
0.9989
0.9996
1.0002
1.0007
1.0002
1.0030

-0.0235
0.0106
2.8199
-0.0165
-0.1077

0.9 9 9 8
1.0008
0 .9 9 9 8
0.9 9 9 8
0 .9 9 9 2
0 .9 9 9 6
1.0001
1.0005
1.0036
1.0004

-0.0183
0.0833
-0.0179
-0.0171
-0.0826
-0.0 3 5 7
0.0108
0.0512
0.3584
0.0369

1.0000
1.0000
1.0000

0.9928
1.0003
1.0011
0.9997
0.9997
1.0063
1.0000
1.0018
0.9977
0.9999

-0 .7 1 9 4
0 .0 2 3 2
0 .1 0 5 7
-0 .0 2 7 0
-0 .0 2 6 2
0 .6 2 8 6
-0.0031
0 .1 8 1 5
-0 .2 2 8 0
-0 .0 0 6 6

0.9999
1.0000
0.9998
1.0000
0.9995
1.0000
1.0000
1.0002
1.0000
0.9999

0 .9 9 9 5
1.0000
1.0000
1.0000
0 .9 9 9 6
1.0000
1.0000
1.0002
1.0000
0 .9 9 9 9

-0.0460
-0.0002
0.0019
-0.0002
-0.0400
-0.0033
0.0003
0.0158
0.0043
-0.0075

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

Period 2
CGE
W RP

% C hange

P erio d 1
CGE
W R P (l)

-0.0443
0.0157
0.0673
0.0159
0.3042
-0.0059
-0.0004
-0.0230
0.0003
-0.0522
-0.0043
0.0004
0.0205
0.0047
-0.0067

(table cont.)
Notes:
1. Total changes are unweighted averages. 2. Percentage change may not
Accurately reflect actual change due to rounding. 3. Land rent is only
applicable to agricultural sectors. 4. FFAS: Fishery, forestry, and
agricultural services. 5. Trade, FIRE, and Utilities.
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(table contd.)

Variable
O th e r C rops
S o y b ean
FFA S
M ining
C o n stru ctio n
M an u factu rin g
TFU
S erv ices
T o ta l

Pre-WRP

Period I
CGE
W RP(I)
1.0019
1.0029
0.9888
0.9989
1.0076
0.9997
1.0024

1.0000
1.0000
I.OOOO
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

0.9976
0.8889

0.5623
0.7760
0.8545

% Change

Period 2

Vo Change

Period 3

% Change

From
Pre-WRP(2)

CGE
WRP

From
Pre-WRP

CGE
WRP

From
Pre-WRP

-0 .0 0 2 7
0 .0 0 4 5
0 .0 1 1 4

1.0000
1.0000
0.9 9 9 9
0.9 9 8 4
0.9996
1.0000
1.0002
1.0000
0 .8 8 8 7

0.1874
0.2920
-1.1241
-0.1060
0.7572
-0.0296
0.2415
-0.2432
-11.1139

1.0000
1.0000
1.0001
0.9979
0.9999
1.0000
1.0003
1.0001
0.8887

0.9872
1.0000
1.0014

-1.2841

0.9999
1.0000
1.0000

0.9995

I.OOOO

-0.0011

0.9999
1.0000
1.0000
1.0000

0.9993
0.9999
1.0001
1.0003
1.0000

-0 .0 7 1 8
-0 .0 1 1 3
0 .0 0 7 4
0 .0 2 7 9
0.0041

0.9995
0.9999
1.0001
1.0002
1.0000

-0.0015
-0.0550
-0.0090
0.0055
0.0214
0.0040

0.9999

-0 .0 0 6 7

0.9999

-0.0052

1.0001

0.0 0 6 9

1.0001

0.0055

-0 .2 1 1 6
-0 .0 0 5 2
0 .0 0 3 8
0.0 2 7 2
0.0051
-1 1 .1 2 9 7

-0.0011
0.0037
-0.0100
-0.1619
-0.0410
0.0030
0.0210
0.0046
-11.1313

V alu e-A d d ed (N P):
L iv esto ck
O th e r C rops
S o y b ean
FFA S
M in in g
C o n stru ctio n
M an u factu rin g

-0.0005
0.1448

TFU
S erv ices
T o tal

0.7502
0.6189
0.5642
0.4165
0.5456
0.8034

1.0020
0.9971

0.6546

0.9996

-0.0500
-0.1770
1.0855
-0.0324
0.2036
-0.2858
-0.0440

P ric e In d ex

1.0000

1.0006

0.0631

0.9982
1.0109
0.9 9 9 7

-0 .0 1 3 7
-0 .0 0 3 0
0.0 0 0 9
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reaction to events in the economy. An important source of changes in prices is the changes
in the labor factor market. According to estimates from the LACGE, the WRP simulations
led to wage rate increases of 0.05 percent in the first period, and of 0.003 percent for a
typical year in the second and third periods. The larger increase in the first period reflected
the higher demand for labor due to restoration activities as compared to the second and
third periods when there was no direct change in labor demand.
As previously discussed, land is a factor of production for agricultural product in
many CGE models. Similarly, land in the Louisiana SAM and CGE models was designated
only for the three agricultural sectors. Further, because land was a factor of production, land
prices were an endogenous variable in the Louisiana CGE. Hence, the rental price of land
was designated for these agricultural sectors. As expected, the two agricultural sectors
(soybeans and other crops) directly affected by the WRP experienced the largest increase
in land prices (Table 5.6). The rental price of land increased in all periods for land devoted
to soybeans with the highest increase occurring in period two. However, the largest
percentage change for other crops occurred in the first period (an increase of 0.8 percent).
In each period, soybeans had the largest increase in returns to land, thus reflecting the fact
that 70 percent of land enrolled in the WRP was assumed to be in soybeans. These changes
reflected the dynamics of substitution effects in the land market as the fixed supply o f land
was further restricted by government demand as represented by the WRP land variable.
That is, because the land was taken directly from these two agricultural sectors, the land
supply curve for both shifted to the left, leading to increases in returns to land. Overall, the
rental price of land increased in all three periods.
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Capital is the third factor of production with an endogenous price in the LACGE.
The largest changes in the price of capital for all nine industries was concentrated in the
first period. For example, the largest increase in the price o f capital across all sectors in the
first period was an increase of 3.5 percent for construction followed by livestock (0.5
percent). On the other hand, the price of capital devoted to services declined by 3.4 percent.
The relatively large increase in the price of capital in the first period reflected the impact
of increased demand for capital due to WRP restoration activities. This extra and fixed
demand for capital, where the total supply of capital in the economy was also fixed, had its
greatest impact on non-agricultural sectors. For example, construction, a relatively capital
intensive sector experienced a large increase in its capital price in period one while
services, a relatively less capital intensive sector, experienced a decline in capital price.
With these exceptions, changes in the price of capital due to the WRP in the six
non-agricultural sectors showed a mixture of small increases and decreases in each of the
three periods. On the whole, the rental price of capital decreased in the first period (0.3
percent), increased in the second (0.3 percent) and increased in the third by 0.04 percent.
Despite small changes, capital as a factor of production was a key variable in
assessing the response o f agents in the Louisiana economy with respect to the WRP (Table
5.6). This result was especially pronounced in the response o f prices in the non-agricultural
sectors to changes in the cost (price) of capital in all periods. That is, with the exception
of FFAS in the second period, the direction of the change in the price of capital determined
the direction of change in output, domestic good, and value-added prices for the six nonagricultural industries. For example, in period one, the increase in the cost of capital in
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construction led to an increase in construction output price of 0.6 percent, the largest output
price increase for all nine industries in all three periods. In the third period, the price of
capital for services increased by 0.4 percent, which led to a small increase in the output
price o f services. These CGE model results were consistent with the earlier observation
made about the importance of capital in a natural resource based economy, such as the
Louisiana economy.
Since each industry or firm’s output was destined for either domestic good market
or foreign good (export) market, output price was a weighted average of domestic good and
export good prices. Domestic output prices observed in Table 5.6 may not, therefore, have
followed the expected pattern that reflected changes in input costs in all situations. This
result was in part due to the modeling o f trade in the Louisiana model along the Armington
formulation where output price (PX) ordinarily responds to the rest of the world market
through relative changes in domestic prices of exports and imports.

Given a fixed

exchange rate and the small country (region) assumption in international trade theories (i.e.,
perfectly elastic world price of exports and imports), all domestic state output prices were
internalized.
Domestic output price changes showed slight changes reflecting the small impact
o f the WRP on the Louisiana economy. The situation for prices of domestic output in most
cases followed a predictable pattern. For the agricultural sectors, prices for livestock
decreased in each of the three periods, with the largest decline in the first period (0.7
percent). This result was consistent with the reduction in the price of inputs for livestock
(land in all periods and capital in periods two and three). Other crops prices declined
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slightly in the second and third periods, but increased in the first period. Soybeans price
changes followed a similar pattern as the other crops sector although soybean prices
increased in the third period.
Contrary to expectations, changes in output prices for certain industries (in certain
periods) not directly affected by the WRP, were larger than those for the two directly
affected agricultural sectors. For example, in period one, construction had the largest
increase in output price among all nine industries in the LACGE (0.6 percent). The
manufacturing sector had a very small decrease in period one and very small increases in
other periods in output price due to the WRP. Again, all output prices in total decreased
slightly by 0.007 percent in the first and second periods and increased by 0.008 percent in
the third period.
Domestic good prices are prices paid by consumers for regional goods by
consumers in the economy. They also reflect the changes in input costs to firms and
changes in demand by households and other consumers in the state. Generally, reductions
in input cost tend to push an industry’s supply curve to the right, i.e., industries provide
greater quantities of output than previously at the same set of prices. Given relatively small
shifts in demand, the industries’ output price will go down. By the same logic, increases
in factor prices tend to drive output prices up. However, other confounding factors, such
as simultaneous shift in demand by consumers, may obscure these predictable pattern.
Hence, the observable pattern of price changes may not reflect a priori expectations. This
price pattern of changes appeared to be the case in the Louisiana CGE results, in some
cases. Although land was restricted in agriculture and capital was withdrawn in some
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sectors (in the first period), farmers were given cash compensation (except in the third
period), which they by and large spent (i.e., increase demand for goods and services). The
combined effects of these actions may have raised or decreased the price o f domestic goods,
depending on the income and price effects, as well as elasticity and substitution parameters.
In the results from the LACGE, domestic good prices declined for livestock and
other crops in all periods except for other crops in the first period. Soybean domestic prices
increased in all periods. In the non-agricultural sectors, changes in domestic good prices
were mixed. For example, prices declined for mining in all periods and conversely,
increased for TFU in all periods. In the first period, when most of the activities due to
WRP occurred, two of the most directly impacted sectors (soybean and other crops)
experienced increases in prices as increased cost of land led to decline in rental price of
capital. In the aggregate, domestic good prices decreased by 0.09 percent in the first period
and declined by 0.02 in the second period and third periods (Table 5.6).
As previously defined, net-price or value-added price is output price net of the value
of intermediate inputs and indirect business tax paid by firms. Value-added price or net
price declined for two of the agricultural sectors (livestock and other crops) in all periods
but increased for soybeans in all periods. Value-added price also declined across all
periods for FFAS and for mining while the situation was mixed for all other sectors, except
TFU that had price increases in all three periods. The overall situation with respect to
value-added price was declines of 0.04 percent in the first period, of 0.007 percent in the
second period, and of 0.005 percent in the third period.
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Notice that, as would be expected, output price, domestic good price, and valueadded price generally moved in similar directions. That is, for any industry the direction
o f change for each of these three price variables was the same in a particular period. This
pattern is a reflection of the consistency inherent in CGE modeling.
Finally, the general price level in the economy as measured by the price index
increased slightly in all periods. The price index increased by 0.06 percent in the first
period, by 0.007 percent in period two, and by 0.006 percent in period three. These very
small absolute and percentage changes buttress the point that the WRP did not have a
dramatic effect in the Louisiana economy. Increases in the price index were a reflection of
the relatively large increases in overall factor prices.
Output
Impact results from the LACGE for changes in domestic output, state exports and
imports consumption due to the WRP in each of the three periods are provided in Table 5.7.
As expected, the impact of the WRP on the Louisiana economy was projected to be small
in relative terms. Also as expected, the largest impact was in the first period. It is expected
that output will decline in directly impacted sectors, especially agricultural sectors. In
addition, the impact on output cannot be determined, a priori, in most cases because this
depends on the structure of the economy in terms of industry linkages and relationship to
the outside world. Further, although a restricted supply of land as a result o f the WRP
tended to decrease output, increased demand by households induced by govenunent
payments (in periods one and two) and recreational revenues (all periods) tended to spur
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Table 5.7; Impact of the WRP on Output in Periods One, Two, and Three Based
on the Louisiana CGE Model.

Variable

Period 3
Period 1
Period 2
% C hange
CGE
% C hange
CGE
CGE
% C hange
Pre-WRP
WRP
from
WRP
from
WRP
from
(million 1993 $) (million 1993 $) Pre-WRP (million 1993 $) Pre-WRP (million 1993 S) Pre-W RP

Output (X):
Livestock
O ther Crops
Soybean
FFAS(1)
Mining
Construction
Manufacturing
TFU(2)
Services
Total(3)

420.821
192.343
859.429
382.119
6409.193
14042.698
28901.853
44240.913
33661.998
129111.366

425.690
191.261
859.078
399.998
6417.243
13982.444
28946.6(33
44129.459
33728.645
129080.479

1.1570
-0.5625
-0.0408
4.6789
0.1256
-0.4291
0.1550
-0.2519
0.1980
-0.0239

420.780
192.339
859.384
381.921
6422.682
14043.869
28896.555
44229.697
33661.414
129108.641

-0.0098
-0.0021
-0.0052
-0.0518
0.2105
0.0083
-0.0183
-0.0254
-0.0017
-0.0021

420.790
192.342
859.393
382.260
6419.485
14043.592
28897.634
44232.302
33661.939
129109.736

-0.0076
-0.0006
-0.0042
0.0369
0.1606
0.0064
-0.0146
-0.0195
-0.0002
-0.0013

Export (E):
Livestock
O ther Crops
Soybean
FFAS
Mining
Construction
Manukcturing
TFU
Services
Total

26.249
94.008
730.238
372.847
4827.287
2390.505
25920.553
11016.980
2816.547
48195.213

26.921
92.842
729.898
390.387
4834.488
2371.316
25961.455
10975.292
2826.534
48209.133

2.5616
-1.2402
-0.0466
4.7046
0.1492
-0.8027
0.1578
-0.3784
0.3546
0.0289

26.249
94.008
730.213
372.653
4839.720
2390.767
25915.710
11012.612
2816.406
48198.338

0.0015
0.0001
-0.0034
-0.0521
0.2576
0.0109
-0.0187
-0.0396
-0.0050
0.0065

26.249
94.008
730.218
372.985
4836.777
2390.707
25916.697
11013.619
2816.413
48197.672

0.0011
0.0000
-0.0027
0.0371
0.1966
0.0085
-0.0149
-0.0305
-0.0048
0.0051

Import (M);
Livestock
O ther Crops
Soybean
FFAS
Mining
Construction
Manufacturing
TFU
Services
Total

238.465
15.524
190.353
68.802
692.654
4580.942
14520.333
4878.773
2962.145
28147.991

235.676
16.720
190.531
68.612
692.659
4582.034
14522.120
4903.887
2945.992
28158.231

-1.1697
7.7082
0.0936
-0.2762
0.0006
0.0238
0.0123
0.5148
-0.5453
0.0364

238.397
15.503
190.353
68.801
692.382
4581.180
14520.327
4881.749
2962.557
28151.248

-0.0285
-0.1359
-0.0002
-0.0026
-0.0393
0.0052
0.0000
0.0610
0.0139
0.0116

238.412
15.515
190.353
68.802
692.522
4581.121
14520.329
4881.079
2962.516
28150.648

-0.0221
-0.0573
-0.0002
-0.0006
-0.0191
0.0039
0.0000
0.0473
0.0125
0.0094

Notes:
1. FFAS: Fishery, forestry, and agricultural services. 2. TFU: Trade,
Insurance, and Utilities. 3. Total changes are unweighted averages.
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additional production for consumption and especially in non-agricultural sectors. Output
changes will also reflect price changes in input and output markets. That is, overall
changes in output will depend mostly on three markets—inputs, outputs, and rest o f the
world markets. This, in general, appears to be the case in the Louisiana LACGE impact
results.
Overall, domestic output in the Louisiana economy due to the WRP was predicted
to decline by 0.02 percent in period one, by 0.002 percent in period two and by 0.001
percent in period three. However, as expected, predicted changes in output were not
uniform across sectors or periods. Changes in output were primarily driven by changes in
own-price and resulting changes in foreign markets as internalized in domestic prices of
exports and imports. As discussed previously, these changes in exports and prices were in
part determined by the Armington assumption concerning the degree of substitution
between domestic and rest of the world goods. For example, consistent with expectations,
output in the two sectors directly (negatively) affected by the WRP, other crops and
soybeans, declined in each period (Table 5.7).
These declines in the output in these sectors in all periods was due partly to higher
factor costs in production of those crops. This situation favors the livestock sector. As
factor prices decline for livestock in period one, due to input substitution within the
agricultural sector, livestock production rose by $4.9 million (1.2 percent) compared to an
absolute decline of $1.08 million (0.6 percent) for other crops and $0.4 million (0.04
percent) for soybean. However, the largest percentage change in output occurred in FFAS
at 4.7 percent ($17.8 million) in period one. The largest decline in any period in absolute
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terms occurred in TFU at $111.4 million (0.3 percent). Mining experienced increased
output in all periods. The situation with other non-agricultural sectors was mixed. This
result again shows how the effects of a policy change in directly targeted sectors may have
more important implications in the non-targeted sectors of the economy—a fact easily lost
on policy makers.
These changes in domestic output market give an indication of the situation in the
trade sectors of the economy. For example, in period one, because of relative factor
adjustment in inputs market for agricultural sectors, livestock increased its output, which
in turn led to an increase in the sector’s exports by 2.6 percent ($0.67 million) and 1.2
percent ($2.78 million) decline in imports. Similarly, as the input market tightened for
other crops due to rising input costs, its exports declined in the first period by $1.16 million
(1.2 percent), while its imports rose by 7.7 percent ($1.2 million).
On the whole, the output impacts of the WRP on the Louisiana economy were a loss
of $30.9 million in state output in the first period, a loss of $2.7 million in the second
period, and a loss of $1.09 million in the third period. In absolute terms, export gains in
the first period were $13.9 million (0.03 percent), $3.12 million (0.007 percent) in the
second period, and $2.46 million (0.005 percent) in the third period. With respect to
imports, the state economy absorbed an increase of $10.24 million worth o f imports (0.04
percent) in the first period, of $3.26 million (0.01 percent) in the second, and o f $2.66
million (0.009 percent) in the third period.
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Comparative Analysis
A major goal of this study is to demonstrate the influence of choice o f model on
impact results on the Louisiana economy due to the WRP. A summary of the total impact
of the WRP on the Louisiana economy as estimated with each of the three models in terms
of total gross industrial output''*, factor income, institutional income, and household income
is provided in Table 5.8.
In terms of gross output, changes in sectoral output were similar for the I-O and the
SAM. As discussed in Chapter Two, the SAM is an extension of the 1-0 where all of the
assumptions of I-O, and especially the fixed relative price assumption, are retained. Hence,
in terms of magnitude and direction of impact both models were expected to produce
similar results. In both models, the assumption of linearity underlying the production and
consumption processes implied that every initial or direct shock to the economy that is
positive (negative) will produce positive (negative) response across sectors given the
underlying multiplier coefficients. In addition, because the SAM accounts more completely
for income flows in an economy, it was expected that in terms of industry output, impact
results firom the SAM would exceed those from the I-O. Nonetheless, purely in terms of
sectoral output changes, the same direct impact scenario did not always lead to greater total
changes in the SAM than the I-O. The total direct (net) impact of the WRP on the
Louisiana economy in the first period was estimated at $17.751 million. In terms of

‘■*Gross industry output is defined to include intermediate production, household and
government consumption demand, investment demand, and exports.
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Table 5.8: Comparison of Impact Results from the I-O, SAM, and CGE Models of the Louisiana Economy.
Period I __

CD

8

Sectors

■D

(O '

Livestock
O ther Crops

3.
3"
CD
■CDD
O
Q.
C
a.
O
3
"O
o

1-0
Im pact

___ Period 3 ___

Period 2
COE
Impact

l-G
Impact

SAM
Im pact

COE
Im pact

1-0
Im pact

SAM
COE
Im pact
Im pact
Pre-W RP
(m illion 1993 S) (m illion 1993 $) (m illion 1993 $) (million 1993 S) (m illion 1993 $ )(m illion 1993 S )(m illion 1993 $ (m illion 1993 $) (m illion 1993 S) (m illion 1993 S)
SAM
Impact

659.250

0.1230

0.1232

2.0612

0.0136

0.0122

-0.1091

-0.0072

-0.0088

-0.0848

1049.770

-0.0489

-0.0489

0.1142

-0.7821

-0.7839

-0.025

-0.7437

-0.7456

-0.0106

Soybean

207.850

-0.6849

-0.6847

-0.1723

-1.4393

-1.4396

■0.0457

-1.1107

-1.1109

FFAS

450.920

12.8780

12.8780

17.6874

-0.0063

-0.0066

-0.1998

-0.0092

-0.0095

-0.0364
0.1371
10.0806

7101.820

0.2851

0.2869

8.0544

0.1322

0.1229

13.2145

-0.0060

-0.0161

Construction

18623.430

1.2573

1.2642

-59.2415

0.4231

0.3927

1.4093

-0.0397

•0.0730

1.0753

M anufacturing

43420.860

3.1077

3.1242

46.5972

1.3140

1.2219

-5.303

-0.0627

•0.1622

-4.2228

TFU

49120.810

10.1936

10.2763

-86.3777

5.2470

4.8992

-8.2393

-0.1407

-0.5227

-6.305

Services

36624.090

7.4235

7.4792

50.4678

3.7151

3.4747

-0.1737

-0.0157

-0.2794

-0.2205

157258.800

34.5343

34.6984

-20.8093

8.6173

7.8935

0.5282

-2.1355

-2.9282

0.4129

Mining

Total Gross Industry Output
Labor
Land
Capital
Total Factor incom e

CD

54344.280

na

15.4574

26.6078

n.a

3.7297

1.5835

n.a

-0.7436

1.3951

480.960

n.a.

-0.2089

1.5885

n.a

-0.6790

3.3685

n.a

-0.5681

2.5828

21635.370

n.a.

n.a

0.8606

-0.0028

n.a

-0.5978

-0.0022

3.9113

4.9492

-1.9096

3.9757

76460.610

4.5458

12 5103

19.7943

40.7066

Q.
Labor
Property

■CDD
(/)
(/)

Enterprise
Total Institutional Income

46451.770

n.a.

13.2125

26.6078

n.a

3.1880

1.5835

n.a

-0.6356

1.3951

455.900

n.a.

-0.1980

1.5885

na

-0.6436

3.3685

n.a

-0.5385

2.5828

17427.520

n.a.

36124

12.50949

n.a

0.6839

-0.0028

n.a

-0.4751

-0.0022

16.6269

40.70579

3.2283

4.9492

-1.6492

3.9757

64335.190

Low Income

13243.360

1.5279

3.8281

0.3311

0.4655

-0.1171

0.3739

M edium Income

31697.740

6.8609

18.0992

1.4596

2.2005

-0.5422

1.7677

H igh Income

28777.150

6.8837

18.7791

1.1797

2.22832

-0.8081

1.8341

15.2725

40.7064

2.9704

4.89432

-1.4674

3.9757

Total H ousehold Incom e

73718.250

Note.
1. na: not applicable.

15.3898

4.0227

-0.4224

\o
-j
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sectoral output, the total impact on the Louisiana economy in the I-O model was $34,534
million (Table 5.8) or an output multiplier effect (total effect divided by direct effect) of
1.9455. For the SAM, the total impact of the WRP in period one was $34,698 million or
an output multiplier effect of 1.9547 (0.5 percent greater than the comparable I-O
multiplier). Hence, for the first period, the predicted effect of the WRP on output in the
Louisiana economy was slightly greater for the SAM as compared to the I-O. SAM and I-O
model results concerning sectoral output under the period three scenario yielded similar
results in terms of relative multiplier size. A total net direct impact of -$ 1.559 million lead
to a decline in sectoral output of -$2,928 million in the SAM (a 1.3695 multiplier effect).
But, in the second period, a total net direct impact of $3,794 million lead to a total increase
in the SAM of $7,894 million (a 2.0806 multiplier effect) that was smaller than the total
increase in sectoral output in the I-O of $8,617 (a 2.2714 multiplier effect).
Total change in household income, the other variable common to both the Louisiana
I-O and Louisiana SAM models, also yielded mixed results as to relative size between the
two models under the three impact scenarios. Under the period one scenario, the Louisiana
I-O model predicted a change in total household income in the state of $15,390 million,
which was slightly greater than the change in household income of $15,273 million as
predicted with the SAM. The difference was more pronounced under the period two
scenario, where a change in total household income of $4,023 million was predicted under
the Louisiana I-O model, which was 73.8 percent greater than the predicted change in total
household income of $2,970 million from the Louisiana SAM.
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In total, the SAM model tended to predict greater changes in economic activity in
the Louisiana economy than did the I-O model under the three WRP scenarios. For
example, under the period one impact scenario, the SAM predicted a total impact of
$54,493 million (output plus factor income) while the I-O model predicted a total impact
of $49,924 million (output plus factor income).
Hence, in terms of magnitude and direction of impact (positive or negative) both
models produce similar results. The assumption of linearity underlying the production
process implied that every initial or direct shock to the economy that is positive (negative)
will produce positive (negative) response across sectors given the underlying multiplier
coefficients. The slightly higher values in the SAM column reflects the additional
accounts, such as the factor accounts of labor, land, and capital, that the direct shock had
to pass through. These additional sectors are absent in the I-O model closed with respect
to household labor earnings.
Predictions concerning the impact of the WRP on the Louisiana economy from the
CGE differed markedly from those found in the two fixed-price models. For example, the
LACGE model, although initially calibrated on a SAM structure, predicted a net loss in
output in the state economy due to the WRP in period one of $20,809 million while the
SAM predicted a gain in economic output of $34,698 million (Table 5.8). In period three,
the roles concerning the impact of the WRP reversed, with prediction from the SAM of
losses in industry activity of $2,928 million while predictions from the CGE were for gains
in industry activity of $0.41 million. In period two, the CGE predicted a very small gain in
gross output of $0,528 million while the SAM predicted a larger gain o f $7,893 million.
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A comparison of CGE and SAM results across the nine industries indicated
differences in the direction of impact in a number of cases. For example, in the period one
WRP scenario, construction was projected to experience a small increases in output of
$ 1.264 million in the SAM (with very similar results from the I-O) (Table 5.8). Under the
same scenario in the CGE, construction was projected to experience a decrease in output
of $59,242 million. For other industries with the same direction of predicted change, the
magnitude of the difference in the change was large. For example, in the period one WRP
scenario, services was projected to experience an output increase of $7,479 million in the
SAM. Under the same scenario in the CGE, services had a projected increase in gross
output of $50,468 million (574.8 percent greater than the SAM result).
The first reason for these differences between the fixed-price models and the CGE
is the underlying assumptions about production technology and changes in relative factor
and output market prices. Because of the assumption that such prices can change in the
CGE, a positive total shock in the first period did not produce a positive shock in
construction and manufacturing. The flexibility in price allowed in the CGE implies that
any positive (negative) initial shock may produce an opposite effect and a larger or smaller
effects as prices adjust to that shock. Thus, these differences are not only due to the
structure of the CGE but, in addition, indicate the true response pattern among economic
agents based on their revealed preference. Hence, feedback effects from price changes in
the CGE may result in quite a different response than those observed in the fixed-price
models. The price effects may be linear (e.g., world exports and import prices) or non
linear (e.g., factor prices and domestic good prices).
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Again, the impacts indicated by the SAM and CGE often differ in magnitude and
direction. With regard to factor income, the SAM predicted an overall net gain o f $ 19.794
million although with a negative return to land in the first period. On the other hand, the
CGE showed that all the factor income categories experienced positive impacts with the
overall gain estimated at $40,707 million in this period. In the second period, a similar
trend was followed, however, the CGE now predicted a net loss to capital o f $0,003
million. And, in the third period, while the SAM predicted a net loss for all factor
categories, CGE results indicated negative impact only for capital. In terms of magnitude
and direction of impacts, similar patterns were followed in the in third period both in the
SAM and CGE model results (Table 5.8).
Apart from institutional sources o f income, households also received direct cash
payments as a result of the WRP in periods one and two and recreational payments in all
periods. Although the main focus of this study is not welfare or distributional impact of
the WRP, the results in this regard give an indication of what those impacts would be.
Because household income is not adequately mapped in the I-O, a single lump sum is
indicated as impact of the WRP on household incomes. The I-O indicated aggregate
household income increase o f $15,390 million in the first period, $4,023 million in the
second, and a small decline of $0,422 million in the third period (Table 5.8). The I-O and
the SAM showed that these impacts are positive except in period three but, the SAM gives
a more complete picture by disaggregating the income to respective household income
groups.
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While the CGE disaggregates household income as does the SAM, the magnitude
and direction of the impacts were not similar between the two models. The CGE predicted
a higher household income than the SAM in all periods and also predicted positive impacts
in all periods whereas the SAM predicted loses in household income in the third period.
According to the SAM, the lower income groups are worse-off than the other
household income groups in terms of the gains and losses in income due to the WRP. PreWRP scenario distribution of income as estimated in the Louisiana models was 18 percent
to low income households, 43 percent to medium income households, and 39 percent to the
high income households. Post-WRP scenario as depicted in Table 5.8 tended to show a
slightly different pattern of distribution of household income, against low income
households and in favor of high income households. In the first period, the distribution of
increased income in the SANI was 10 percent to low income households, 44.9 percent to
medium income households, and 45.1 percent to high income households. In the second
period, low income households received 11.2 percent, medium income households received
49.1 and 39.7 percent went to high income households. In the third period, 8 percent of the
decline in income was for the low income households, 36.2 percent for the medium income
households and 55 percent went to the high income households.
Unlike the SAM, the CGE indicated a fairly consistent household income
distribution across the three periods of the WRP impact. For period one, the distribution
in the CGE was 9.4 percent to low income household, 44.5 percent to medium income
household, and 46.1 percent to the high income household. Thus, the SAM tended to
exaggerate the distributional consequences of the WRP. However, in both the SAM and
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CGE, it was the case that low income households had the least income benefit (welfare
effect) from the implementation o f the WRP whereas the high income household had the
most welfare gain. This result showed the sometimes unintended impact o f policy: a
perhaps undesired redistribution of income. Given that the medium income households
received all of the easement payments from the WRP, the expectation would be that they
will benefit the most in welfare terms. The results show that indirect effects of the program
in other sectors of the economy overshadowed the initial direct gains by medium income
households. Compared to the pre-WRP income distribution, the high income households
were, in fact, better-off than the low or medium income households in post-WRP situation.
As previously hypothesized, the overall impact estimates of the three models
utilized in this study will follow a theoretically predictable pattern: the CGE will give a
lower bound estimate, the SAM, an upper bound while the I-O will result in impact
estimates that lie somewhere in between. The estimates of economic activity as indicated
by the gross output in Table 5.8 tended to support this hypothesis. The results in both the
first and second period were consistent with this theory. In the third period, there was a
slight reversal such that the I-O gave an upper bound estimate, contrary to expectation.
In terms of gross state product (GSP) at factor cost, the SAM estimates was $76,480
million in period one, $76,464.5 million in the second period and $76,458.7 million in
period three. The corresponding CGE estimates were $76,501.3 million in period one,
$76,465.6 in the second period, and $76,464.5 in the third period. Therefore, the SAM
resulted in lower estimates for nominal GSP. The slightly higher values of post-WRP GSP
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for the state is an indication of the overall increase in factor and intermediate production
costs.
While changes in output were lower in the CGE as compared to the SAM, changes
in factor income were generally greater. This result with regard to the state’s factor income
was consistent with earlier results obtained by Koh (1991) in his study o f Oklahoma’s
economy due to the 1980s oil industry price shock. For example, in period one, changes in
factor income for the SAM was $19.8 million whereas the CGE indicated an increase of
$40.7 million. This result occured because reduction in factor supply, such as land, led to
higher factor prices. Hence, factor owners, such as WRP landowners benefitted from this
increase in terms of increases in revenue.
Internal and External Validitv of the Louisiana Models
A relevant issue, given the results discussed in previous sections, is that o f internal
consistency and generalization of the three economic models. Especially for the fixedprice models, internal validity can be hinged on the accuracy of model data as previously
discussed in Chapter Two. The relevant form of accuracy to a regional analyst is holistic
accuracy (Jensen, 1980). One way to enhance holistic accuracy is to adequately capture the
essential essence of the economy within model structures. The initial database usually
provide the avenue to capture the essential essence of the economy, especially as it relates
to important sectors. The reliance on hybrid models in this study has arguably ensured the
verification of the models. For example, several modifications were made to commodity
supply, supply/demand pool, and RPC values in the IMPLAN-based models. In addition.
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control totals for state revenue and expenditure as well as personal income for the state
were based on external published regional data.
In gauging the external validity of the models, a comparative analysis of similar
studies results would be useful. However, this study is the first study that has examined the
regional impacts of the WRP. Thus, inferences can only be drawn on similar studies of
CRP or simulated studies of WRP using partial equilibrium analysis. Siegel and Johnson’s
(1991) I-O based study of CRP impact on the Virginia economy showed a decline of $17
per enrolled acre (1993 dollars) of gross output in the regional economy and a per acre
decline of $13.2 in total regional income in 1993 dollars. The effects of the CRP on
Montana’s economy was estimated by Standaert and Smith (1989) with an I-O model. The
direct impacts were an increase of $52.9 per acre in 1993 dollars. Indirect impacts showed
an overall decline of 0.3 percent in gross returns. However, the percentage change was not
uniformly distributed across sectors or regions in the state. For example, one region with
relatively high participation rates and a farming dependent economy had a decline of 0.8
percent in gross returns whereas another region experienced a decline of only 0.1 percent.
All directly affected agricultural sectors experienced declines in income, while nonagricultural sectors generally experienced increases in income. The study showed that the
overall impact of the CRP on the economy was not large.
The estimated impact of the WRP on Louisiana’s economy based on the I-O in the
first period indicated a net return to the economy of $3.2 per cropped acre. Also, average
gross output change was $6.2 per cropped acre while average increase in personal income
was 0.02 percent. These results are consistent with the results firom the Montana study.
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However, the results from the Virginia study showed a decline in output and income. This
was probably due to the relatively low level o f enrollment in the CRP and the relatively
more productive land enrolled in Virginia (Siegel and Johnson, 1991). Results from the
Louisiana I-O in the third period were consistent with the Virginia model, in that the WRP
had a slight negative impact.
The essential elements across these models are not the values generated in
themselves, because the CRP and the WRP differed in some respects, but the consistency
o f inferences that can be drawn from the models’ results. In general, the results in the
Louisiana models were consistent with these two studies. First, the relative impacts o f the
programs on the economy as a whole are not large. That is, income may decline or decrease
depending on the sector or region, but overall declines or increases were relatively small
compared to the size of the economy. Second, the relative impacts of these programs on the
agricultural sector are usually negative but not uniformly distributed within the sector.
The verification of CGE models is usually accomplished through sensitivity analysis
of model results to model parameters. O f particular concern are the trade parameters that
are usually based on external sources. Accordingly, the LACGE was subjected to changes
in the Armington trade parameters using values between extreme estimates. In the analysis,
values for the elasticity of substitution parameters ranged from 0.5 to 4.0 and values for the
elasticity of transformation ranged from 0.6 to 1.9. Results from the LACGE was sensitive
to changes in parameters at the extreme range, showing a difference from the baseline
model values of up to 43.8 percent for output and up to 27 percent for prices. Model
results were reasonably close to baseline results when parameters were not very different
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from those used in the study. For relatively small changes in parameters, changes in prices
from baseline results did not exceed 5 percent and changes in output did not exceed 7
percent. Hence, this analysis showed that the LACGE depiction of the Louisiana economy
was relatively stable.
There are no previous CGE-based studies of the WRP for comparison with results
from the LACGE model. Therefore, for external validation of the results obtained here,
previous partial equilibrium studies of the WRP and national a CGE study of the CRP will
be used. Heimlich et. al (1989) simulated the expected enrollment in the WRP. Their
results showed that, based on simulation under the then existing commodity program, the
WRP would raise prices of major commodity crops between 3 percent and 7 percent by
1996. These results were based on a 5 million acre enrollment by 1995. Also, Heimlich
(1994) simulated the national impact of the WRP at 5 million enrollment level. The study
indicated that crop prices will rise above base levels in accordance with simulated
production decreases. Price will rise from less that 1 percent for soybeans and cotton up to
2.5 percent for grains such as oats.
In terms o f relative magnitude of change, the results obtained in this study are
within the range of values obtained in these two comparable studies. However, the average
price changes were higher in these studies because of the levels of participation simulated
(5 million acres). Compared to an actual FACTA projection of 1 million acres by 1995 and
actual 1996 enrollment of 0.34 million acres (Table 1.1), the simulated levels of
participation were substantially higher. Also, the projected price changes for soybeans are
relatively higher in the LACGE partly because of two reasons. First, these national studies
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were projected on 34 percent soybean share of enrolled land whereas in Louisiana the
estimated share was 70 percent. Second, these national studies used partial equilibrium
approaches with no consideration for substitution possibilities and feedback effects.
Although the CGE study by Uri and Boyd (1996) was done for the CRP and at the
national level, their conclusions are relevant. Their analysis showed that yearly total output
will fall by 0.002 percent (about $113 million). However, this fall was not uniformly spread
across sectors and the agricultural sectors were not necessarily impacted more than other
sectors. For example, the services sector experienced more output change than the program
crops sector. Also, in terms of price changes, the range was between less than 0.0001
percent to 0.5 percent, with the higher values mostly occurring in the agricultural sectors.
AgEiin, these results are generally consistent with the results from the LACGE.

Summary
In Chapter Five, analysis o f simulated results of the WRP based on the three impact
models was given. The assumptions underlying each model simulation were first presented,
including a description of simulation strategies. In particular, the approach used in
estimating exogenous shocks in each model was explained. WTIP impact estimates from
each of the models were discussed separately in terms of absolute and relative changes.
Furthermore, a comparative analysis of impact estimates from the I-O, SAM, and CGE
models was done to highlight the influence of choice of model in regional impact analysis.
Finally, the models’ internal validity were examined based on accuracy o f models’ data and
comparison to similar previous studies. The last chapter will provide a summary and
conclusions based on these analyses.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

CHAPTER 6
SUMMARY AND CONCLUSIONS

Summary
In spite of the general importance of agriculture in most societies, concerns over the
impact of agriculture on resource and environmental amenities have arisen in recent times.
One important resource that has been severely impacted by U.S. agriculture is wetlands.
The federal government has instituted programs such as the Conservation Reserve Program
(CRP) and the Wetlands Reserve Program (WRP) to address the effects of agriculture on
the environment and on natural resources. In meeting the specific objectives of programs
such as the CRP and the WRP, society often makes trade-offs between a specific program
and the need to avoid any implied economic damage.
Wetlands Reserve Program
Wetlands are an important natural resource that provide habitat for fish and wildlife
species, recreational opportunities, and protect a vast amount of coastal shoreline in the
U.S. The adverse effects o f the agricultural sector on the Nation’s wetlands over the years
prompted the initiation o f the WRP. Title XIV of the Food, Agricultural, Conservation Act
(FACTA) of 1990 provided for the establishment of the WRP under the goal of “no net
loss” of remaining wetlands and increased quality and quantity of the Nation’s wetlands.
Under the program, farmers are compensated for voluntarily taking converted land from
agricultural production to wetlands in return for cash payments. Currently, permanent or
30 year easements on enrolled land are allowed. Participants are required to implement an
approved reserve plan of operation designed to enhance wetlands status. By August 1996,
209
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$386.7 million had been spent by the federal government to enroll 344,283 acres of
wetlands with 1,945 participants nationwide. In Louisiana, 64,721 acres have been enrolled
in the WRP, which is 55 percent o f total enrollment in the U.S. south central region and
15.8 percent of national enrollment. Also, $39 million have been paid to 180 participants
for easement and restoration costs for enrolled acres. Louisiana is considered a relatively
high participation state. Although the WRP is not expected to have an adverse effect on the
national economy as a result of reduced agricultural production, such an expectation may
not hold for high participation states such as Louisiana. However, assessing such impacts
at the regional level is not a straightforward matter since the degree of such impacts
depends on the structure of the WRP implementation, structure of the regional economy,
and on the type of model that is employed. These are the issues that were addressed in
previous chapters.
Studv Objectives
The overall goal of this study was to assess the net economic effects of the WRP
on the economy of Louisiana and the influence of choice of models on those results.
Specific objectives were to (1) estimate the output implications of the WRP by assessing
crop production loss due to WRP lands using a geographic information system (GIS)
firamework; (2) estimate the direct benefit and cost implications, to participating farmers,
o f the WRP program; (3) estimate the direct economic effects of agricultural land use on
the regional economies with and without WRP implementation; (4) estimate and analyze,
within a comparative 1-0 versus SAM/CGE framework and under one or more post
implementation scenarios, the direct and indirect regional economic impact of resulting
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changes in the agricultural sector due to WRP implementation; and (5) evaluate the WRP
based on the results obtained. In the following sections, the theoretical framework,
empirical models used, and implementation strategies employed to meet these objectives
are summarized.
Regional Economic Impact Analvsis
Previous studies showed that there are numerous models available to the regional
analyst to examine the regional impact of programs such as the WRP. However, the most
relevant models are those based on general equilibrium theories. In this regard, there are
two distinct classes of models that are theoretically applicable depending on the goal and
focus of the study. There are those general equilibrium models which focus on specific
sectors of the economy. These sectorwise models reviewed in this study include benefitcost analysis and econometric models. Economy-wide models that focus on intra-and inter
regional linkages were also examined. These economy-wide models include export-base,
input-output (I-O), social accounting matrix (SAM), and computable general equilibrium
models (CGE). Because the focus of this study is on the economy-wide impact of the WRP
on the Louisiana economy, the latter three economy-wide models were used in the analysis
o f WRP impacts on the Louisiana economy. Given that the result of impact analysis is
often influenced by the choice of models, a major focus of this study was the examination
how the results of the impact analysis may be influenced by each of these three models.
Hence, it was necessary to examine the theoretical structures of each other models to
understand the basis of different results of WRP impacts obtained.
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Theoretical Structure of Louisiana Economv-wide Models
The three general equilibrium models used in this study share many similarities in
basic accounting structure. In the fixed-price 1-0 and SAM, the column o f accounts
represent expenditures whereas the rows o f accounts represent income received.

The

input-output (I-O) model is imbedded in the Social Accounting (SAM) model. Therefore,
all the sectoral and institutional accounts present in the I-O are also part o f the SAM model
o f the same economy. The SAM is also the initial starting point to build a Computable
General Equilibrium (CGE) structure of the economy in consideration. The three models
were based on initial data generated from 1993 IMPLAN database for Louisiana. However,
these data were supplemented by available regional primary and secondary data. Hence,
the Louisiana models are hybrid regional models.
The Louisiana 1-0, SAM, and CGE shared the same production accounts
comprising of nine aggregated sectors of the Louisiana economy. These sectors include
livestock; soybean; other crops; fishery, forestry and agricultural services (FFAS); mining;
manufacturing; construction; finance, insurance, real estate and utilities (TFU); and
services. Because the focus of the study is on agricultural production, agriculture was more
disaggregated than the other sectors of the economy. This interindustry structure o f the
Louisiana economy was based on the industry by industry format, which implies that
product flows between industries as opposed to the flow of commodities to industries.
Other sectors common to the three models on the expenditure-side include factor accounts,
household accounts, government accoimts, investment accounts, and a rest-of-the-world
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account comprising the rest of the U.S. and other countries (i.e., exports and other
transboundary economic flows).
On the income/revenue-side, accounts common to the three models include valueadded, governments, and rest-of-the-world (i.e., imports and other transboundary economic
flows). In the SAM, on both the expenditure and revenue-side, institutions accounts
comprising labor, property, and capital accounts were also included. Also, included in the
SAM was a separate savings account as an income source.
The CGE is often initially calibrated based on the initial equilibrium reached in the
SAM; therefore, the SAM accounting structure was used for the CGE. These differences
in the accounting structures formed the basic initial point of departure for the different
results obtained in the WRP impact on the Louisiana economy. These structures were also
based on the assumption of fixed relative prices in all sectors and institutions for the
Louisiana I-O and the Louisiana SAIVl models. The assumption of fixed relative prices is
absent in the CGE. Thus, different impact results were expected from the Louisiana CGE
than from the fixed-price models.
Multipliers and Impact Analvsis
Impact analysis in the context o f economy-wide models is based on structures of
underlying multipliers implied in the models. The idea of multipliers is based on the
observed difference between the initial effect of an exogenous (final demand) change and
the total effects of the change. The total effects can either be captured in terms o f direct and
indirect or as direct, indirect, and induced effects. Direct effects are the changes in the
industries to whom a final demand change was effected; indirect effects measure the
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changes in interindustry and other sectors purchases resulting from the new demands of the
directly affected industries, and induced effects are those changes in spending by
households. Multipliers are often constructed in terms of output, income, employment, or
value-added. Including (closing) an account as an addition to the interindustry matrix
means that the represented variable is endogenous in the economy under study, i.e,
estimated economic multipliers react to and account for changes in that variable.
Multipliers themselves are strongly influenced by the closure rule(s) employed in
the analysis. A model can be closed with respect to any of the accounts outside the
interindustry matrix. Because multipliers are coefficients derived from normalizing the
columns (vectors) of endogenous variables, the extent and structure of those accounts
influence estimates of impacts of an exogenous change in economic activity. A major issue
in regional economic model construction and closure is how to account for payments by
industry to regional ho?rseholds that in turn drive household spending. In this study, the
Louisiana I-O was closed with respect to employee compensation and proprietors’ income
or entrepreneur earnings, which form a part of value-added. That is, in SAMs, there is
more flexibility in closing the model. As is typical of SAMs, the Louisiana SAM was
closed with respect to households by including factor and institutional income as
endogenous variables. The same closure rule was applied in the Louisiana CGE. However,
feedback effects due to changes in relative prices are ruled out in the Louisiana fixed-price
models, but allowed in the LACGE. Thus, differences in impact results generated by the
state I-O, SAM, and CGE models should occur because of differences in the nature of
multipliers yielded by these models.
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The Louisiana Empirical Models
The basic foundation o f the I-O, SAM, and CGE models o f the Louisiana economy
was the IMPLAN database. Modifications were made to this database to provide a more
realistic picture of the regional economy. For particular sectors, regional supply, estimates
of regional use of regional production, transportation and trade margins, and production
functions were modified based on primary or secondary data. The numerous production
sectors in the basic IMPLAN-based models (416 for Louisiana) were also aggregated into
nine major industry groups as indicated in Chapter Four. Tax payments and savings rates
were based on secondary data that were presumed to be more accurate than those used in
IMPLAN. Estimates of share distributions between factors, value-added distribution to
institutions, and institutional distribution to households were based on relevant published
data for Louisiana. For the CGE, estimates of extraneous elasticities and substitution
parameters are often required. In this study, the standard convention of using relevant
estimates firom previous studies was followed.
Given these structures and underlying data, and with the initial model reports
generated from IMPLAN, the I-O, and SAM models of the Louisiana economy in 1993 and
the initial calibration for the 1993 CGE model of the state economy were obtained.
Estimates of economic relationships found in these models were o f some interest and also
confirm overall model accuracy. For example, total personal income received by all
households in Louisiana in 1993 from institution and as reported in the Louisiana SANI was
$73,718.3 million ($13,243.4 million for low income households, $31,697.7 for medium
income households, and $28,777.2 for high income households). This estimate of total
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personal income were 2.5 percent higher than the REIS estimate of total personal income
for Louisiana in 1993. Total industry output was estimated to be $157,258.5 million
($44,069 million worth of intermediate production and $113,189.45 million worth o f final
demand).
The relationship between the Louisiana economy and the rest of the world (ROW)
is o f general interest, especially concerning whether the state was a net importer or exporter
o f capital. After all payments to and from the rest of the world (ROW) had been accounted
for, net capital payments flows were used to balance the ROW account. Total value of
imports in the ROW accounts including imports of goods and services and all financial
transactions except capital flows in the Louisiana SAM for 1993 was estimated at $52,599
million. The estimate for exports and noncapital financial flows in the ROW accounts was
$53,252 million. Accordingly, the state was a net exporter of capital, indicating that capital
outflows exceeded capital inflows. This finding confirmed results obtained by Kilkenny
(1990), and were consistent with expectations for a natural-resource based economy
dependent on mining, where wealth is not always invested where it is generated.
Direct Impacts of the WRP
A combination of geographic information system (GIS), a predictive model o f crop
yields, published yield data, and published and unpublished cost data was used to estimate
the economic impact of changes in regional cropping patterns under the WRP. Changes
in revenues (output), practices, and costs for participating farmers were established. A
combination of GIS and the Environmental Policy Integrated Climate (EPIC) model was
used to identify appropriate soils for land likely to be enrolled in the WRP, predict crop
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yield on WRP land, and predict crop yields overtime. This was accomplished in part by
using the Land Use and Land Cover (LULC) database, created by the U.S. Geological
Survey (USGS). The LULC was used to create a map showing all wetlands in Louisiana.
The NRCS provided information on actual WRP participants, levels o f acreage
enrolled in the program, easement payments, and restoration costs. Given this information
and the yield estimates generated by the GIS, published data sources, and EPIC simulations,
WRP exogenous changes were obtained. A minimum estimate of potential revenue from
allowable activities was approximated by potential earnings from hunting leases on the
WRP lands. These values were then used to simulate effects of the WRP on the Louisiana
economy following the procedures and strategies outlined in previous chapters.
C o n clu sio n s and P olicy Im p lica tio n s
Study conclusions and policy implications as well as areas of further research can
be drawn from the model results in part based on the preceding discussions. These
conclusions should be understood within the context of the goals of the WRP and the
specific structure of the Louisiana economy. However, the implications extend to natural
resource policies in general, and regional implications of such policies in particular.
First, it is obvious from these results that the effects of the WRP on Louisiana
economy have been minimal. Whether in terms of output, income, or prices, the impacts
can be considered to be insignificant compared to the size of the state economy. However,
this result may change under two different scenarios. First, it is possible that the enrollment
o f cropland in the WRP in the future could increase markedly. NRCS officials have
determined that 200,000 acres of Louisiana cropland is potential WRP land. Such an
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enrollment level would require increased funding of the WRP program by the federal
government and a continuing desire by Louisiana land owners to enroll cropland in the
program. Second, the impact of the program relative to the size of an economy may change
markedly if the analysis is restricted to participating parishes with the highest participation
rates. It has been highlighted in this study that farmer participation in the state has not been
uniformly distributed. Hence, many of the effects examined here may have been restricted
to some particular parishes, thereby making the WRP impacts more pronounced. Also, the
results showed that the policy effects are not uniformly borne by all sectors. In fact, sectors
not directly affected, such as manufacturing, TFU, and mining, may sometimes have the
greatest impacts. Thus, policy makers must take account of the structure of the local
economy in making policy changes.
Second, it is also obvious from these results that as theoretically predicted, model
choice drives model results. Each of the three models utilized presents a different picture
of the same economy (i.e., Louisiana), because they were each based on different
assumptions. Hence, while the Louisiana I-O and SAM gave similar results in terms o f
direction of impacts, the CGE estimates implied a different response from economic agents
in the region. Overall the SAM tended to give the highest estimate of these impacts whereas
the CGE always gave the lowest estimate of impacts and the I-O usually resulted in impact
estimates between these bounds. These results are consistent with initial hypotheses that
the SAM would provide an upper-bound estimate, the CGE a lower bound and the I-O an
in-between estimate. However, an unexpected result was that for a certain sets of variables
in certain cases, the sign of the total impact estimated with the CGE differed from the sign

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

219

of the total impact estimated with the fixed-price models. For example, in period one, the
impact on output on the Louisiana economy predicted by the CGE model was -$20,809
million, while the prediction firom the SAM under the same scenario was $34,698 million.
This difference in results was traced to changes in factor market prices (hence input costs)
and industry output prices in the CGE that were disallowed in the fixed-price models.
Third, though the impact of the WRP on the state economy was small, factor
income and hence GSP did increase, especially in the CGE scenarios. Though changes in
output were relatively higher for the SAM than the CGE, the allowance for price changes
in the CGE led to higher changes in factor income in the CGE relative to the SAM. The
increase in factor income resulted firom increase in factor prices due to restrictions placed
primarily on land, but which also affected the use of other factors. That is, factor owners,
particularly landowners, often reaped higher returns as a result of WRP implementation.
The implication is that a program such as the WRP has the potential o f altering factor
relationships and therefore, the stmcture of the economy.
The sometimes large differences in results between the CGE and the fixed-price
models begs the question o f model choice in evaluating policy impacts. In this regard,
model choice must be weighed against the marginal benefits and costs implied by such a
choice. This issue of expected benefits is important because resources at the disposal o f
policy makers are often limited. The degree of complexity varies firom an I-O to its more
complex SAM extension to the more elaborate and complex CGE. The degree o f
complexity has implications for resources devoted to the task. Thus, if the benefit of extra

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

220

resources to build more complex models does not match the benefit of additional
information to be obtained, the task may not be worth doing.
One of the marginal benefits of the more complex models is the solution o f the
closure problem in the SAM as opposed to the I-O model. The SAM also provided
additional information not found in the I-O. For example, information was provided on the
impact of the WRP on income distribution in the Louisiana SAM. Results from both
models in general were quite similar for common variables.
Perhaps a more critical decision concerns the use of a CGE model versus use o f the
fixed-price models. The construction o f a CGE model can be a time and resource
consuming effort. The CGE model provides a theoretically more satisfactory approach in
that it is more consistent with neoclassical theory because relative input and output prices
are allowed to change and factor substitution is not ruled out.
However, more work is needed concerning such issues as the sensitivity of the
results from the CGE to different closure rules and changes in market structure before more
definitive conclusions can be drawn. Ultimately, comparison of model results should be
done under a variety of policy scenarios, where model results can be more easily compared
with actual quantifiable changes in the economy. The WRP scenario was somewhat
difficult in this regard, because relatively small resulting changes in economic activity in
the state economy were swamped by other, more pronounced changes.
Fourth, there are always trade-offs in many natural resource policies, especially
those that seek to protect the environment. Some of these trade-offs are readily apparent.
For example, the results here showed that output was expected to decline in the agricultural
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sectors although the degree of decline may not be known a priori. Price changes may also
be foreseen to some degree, a priori. However, it may be less clear as to what extent and
the direction of effects such policies may have on other sectors or agents in the economy.
Given a choice of an I-O or SAM, the question of price changes will not even arise nor
would distributional issues be adequately captured if the choice is strictly an I-O model.
The potential cost of such a choice by policy makers must be weighed. In this regard, past
policies or programs of similar structure and goals may be a guide but not a complete
substitute for the right choice o f model(s) to employ. For example, proponents of the WRP
did not anticipate any adverse distributional effects among households. Yet the results
here, if the assumption of initial recipient of cash payments holds, indicate that income is
redistributed in favor of higher income households.
In comparing impact estimates across regional models, the critical issue is not that
o f best model because different modeling approaches exhibit different advantages (West
and Jensen, 1993; Rose and Miemyk, 1989). However, in a particular context, a decision
can be made as to which model best represents the situation being analyzed. Such a
decision may be predicated on the validity of underlying model assumptions regarding the
target economy. In this study, given the relative openness of the Louisiana economy as
compared to the U.S. economy and the assumption that supply is unconstrained in most
sectors, fixed-price models may be preferred. On the other hand, given the experience o f
past studies of similar programs to the WRP that do show possible price changes, and the
theoretically justifiable neoclassical construct of the CGE, the CGE results should be
preferred. Further, because the focus of this study is on agriculture, it can be argued that
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the expected effect of the WRP on the sector should carry more weight in deciding which
model is best in this case. A major element of the WRP is the restriction placed on
agricultural land, i.e., a restriction on the supply of a factor. This restriction should affect
relative factor prices assuming that available land in the state is fixed under given economic
conditions. Changes in factor prices not only influence output price but other prices and
quantities as well. Hence, when factor constraints are considered important, results from
a CGE analysis would be preferred (West and Jensen, 1993; BCraybill, 1994). Assuming
the assumption underlying LACGE are correct because they are more consistent with
neoclassical theory, the large differences in results between it and the fixed-price models,
especially the difference in sign between some results, indicate the CGE is a preferred
choice in this study.
A significant contribution of this study to regional economic modeling is the
integration of economy-wide models with a Geographic Information System (GIS). This
is the first study to use such an integration. The successful integration implies there are
ample opportunities for regional economic analysts to use spatial data in regional modeling.
Such opportunities should enhance the validity of models in the areas of agriculture/
environment interactions.
Finally, these results showed that the WRP, at current levels of participation, has
not been detrimental to the economy of the state. This implies that the goal of the program,
to protect fragile wetlands ecosystems, is being achieved at only a small cost to the
Louisiana economy. This conclusion is consistent with the expectation of the federal
government in initiating the program. However, future impacts on individual sectors, and
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possibly on some parishes, may not be marginal, especially as more productive lands are
offered by farmers for enrollment in the program.

Limitations of the Study and Further Research
Needed future research can be gleaned from this research in the general areas of
regional models of the Louisiana economy and of the WRP and other natural resource
based policies. Concerning the latter, the link between GIS and regional economic models
warrants future work. A GIS database o f land currently enrolled in the WRP and land that
may be likely for future enrollment could present a more accurate depiction of the
economic impacts of the program than provided here.
Improvements in the Louisiana SAM model could also provide a more accurate and
complete picture of policy impacts. The so-called “brain-dead” SAM problem, currently
found in unaltered IMPLAN SAM models, was eliminated in this study. However, much
o f the information used in improving the Louisiana SAM was based on national data
sources. Research into the link between income from industries and resulting household
income and spending in Louisiana may improve the accuracy of the Louisiana SAM
presented in this research. Further, with respect to the WRP program, future research into
the distribution of program payments to households by income level would sharpen the
implication of model results on income distribution m the state.
Similarly, improvements in the Louisiana CGE model could also provide a more
accurate and complete picture of policy impacts. The WRP is a long-term program
spanning several years, while the models utilized here are static. A dynamic version of the
Louisiana CGE may present a more adequate representation of farmers’ participation
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decision and behavior of economic agents over time. Also in the LACGE, the closure rule
was limited to the neo-classical approach. Further study could examine the implications
o f alternative closure rules. Finally, actual estimates of key parameters in the model, such
as various elasticities, currently taken from somces outside the model, could be based on
actual state level data sets, so as to improve model accuracy.
In a similar vein, future research is needed in the area of discovering the best model
to use between I-O, SAM, and CGE under alternative policy scenarios and for regions of
different size. Such research could go along a way in providing initial estimates from
policy impacts from each of the three models, as was done in this study. Furthermore,
similar research may focus more on estimating the actual change in economic activity due
to a policy, and then comparing observed change to results from each model.
Finally, a plausible extension of this study is the examination of the possible impact
of full participation by farmers, unconstrained by program funding limits (current funding
limits enrollment). Further, while the WRP had only slignt effects on the state economy,
it may have had more substantial impacts on parishes with high enrollment rates. A
simulation of the potential impact of enrolling 200,000 acres of Louisiana on the state
economy could not done in this study because of several limitations. First, this estimate was
based on the assumption of participation in both the inland and coastal areas o f the state
whereas current data is available only for inland parishes. The assumption about the
distribution of participation in current WRP parishes cannot be easily extended to the
coastal areas partly because of the differences in socio-economic status in both areas.
Second, because of the nature of coastal wetlands, previous simulations (Heimlich, 1994)
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have shown that restoration costs and easement payments substantially differ in these two
areas. Third, differences in farming enterprise between the two region imply potentially
substantial differences in opportunity cost. Therefore, research is in order concerning the
effect of current and possible future levels of enrollment on the economies of such parishes.
Such research may start by building a predictive behavioral model of areas that are not
currently participating in the WRP.
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0.500

1.000

163

Paperboard Mills

0.005

0.500

1.000

164

Paperboard Containers and Boxes

0.900

0.750

0.900

168

Bags, P a p a

0.020

0.500

1.000

174

Newspapers

0.230

0.600

0.670

179

Commercial Pnnlm g

0.210

0.550

0.590

189

Inorganic Chemicals Nec.

0.600

0.700

1.000

191

Plastics M aterials and Resins

0.920

0.800

1.000

192

Synthetic R u b b a
A gncullunil Chemicals, N.H.C

0.880
0.370

0.700

1.000

Petroleum Relirung

0.920

0.550
0.750

1.000
1.000

204
210
"D

CD
C/Î
C/)

1.000

213

l ubncatm g Gils and Greases

1.000

0.750

214

Petroleum and Coal Products, N U.C.

0.940

0.750

1.000

220

M iscellaneous Plastics Products

0.001

0.200

0.440

243

C o n ae lc Products, N.E.C

0010

0.900

0.920

244

Ready mixed C onoete

0.010

1.000

1.000

(table cont.)
Note:
(I), (2), and (3); SDP were also modified.
Source; IMPLAN Group (1996).

lO
4^

CD
"O
O
Q.
C

8Q .
"O
CD
C/)
C/)

(table contd.)

IM PLA N Industry
C ude

8
■D

CQ'

3.
3"
CD
CD

■D
O
Q.
C

aO
3
"O
O
CD
Q .

■CDD
C/)
C/)

Industry N am e

O riginal RPC

N ew R PC

SD P

254

BU st F u n u o es und S leti M ills

0.050

0.100

0.180

261

Prunaiy Aluni inuro

0.020

0.500

1.000

265

A luminum R olling und P niw ing

0,020

0.250

1.000

282

Fubncaud Siructunil MeUil

0.100

0.500

1.000

284
301

FabficateJ Pluie Work (Boiicr Shops)

0.040

0.250

1.000

Industhal und Fluid Vulves

0.260

0.500

1.000

303

Pipe, Vulves, und Pipe Fillings

0.190

0.500

0.940

309

Fuxm M uchineiy und Equipment

0.790

0.600

0.810

313

Oil Field Machinery

0.550

0.750

0.840

354

Industhal M udunes N.H.C.

0.000

0.500

1.000

369

Lighting Fixtures und Equipment

0.001

0.500

1.000
0.630

392

Ship Building und R epuinng

0.080

0.250

393

Bout B uilding und Repairing

0.040

0.500

1.000

441

Com m unications, Except Kudio und I V

0.550

0.750

0 .8 )0

442

Radio and 1*V Broadcasting

0.420

0.800

1.000

456

Bunkuig

0.560

0.700

0 .810

457

Credit A g en acs

0.560

0.700

0.730

460

Insurance Agents und Broken»

0.520

0.900

1.000

461

Owner occupied Dwellings

0.700

1.000

1.000

462

Real Estate (3)

0.480

0.800

0.800

467

Funeral Service and Crcm atones

0.900

1.000

1.000

482

M iscellaneous Repair Shops

0.690

0.900

1.000

488

A musement and Recreation Services, N.H.C.

0.680

0.600

0.680

495

Elementary and Secondary Sdiouls

0.800

0.950

0.980

497

Other Educational Services

0.800

0.950

1.000

503

Business Associations

0.600

0.750

1.000

504

Labor und C ivic Organizaiiuru

0.600

0.800

0.900

513

U.S. Postal Service
Other federal government Enterprises

0.510
0.510

1.000
1.000

t.OOO

515

1.000
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B: GAMS Program for the LACGE.
STITLE LOUISIANA 1993 CGE
Soffsy m x ref o f f s y r a l is t
S o fflis tin g
SETS
i

SECTORS

TRI C I ) TRADABLES

/

L iv s tk
O therC
Soy
FFAS
Minn
Cons
Man
TFU
S e rv

/

L iv s tk , O therC , Soy, FFFS, Minn, Man

L iv e sto c k
O th e r C rops
Soybean
F is h , F o r e s tr y and A g r ic u l tu r a l S e r v ic e s
M ining
C o n s tr u c tio n
M a n u fa c tu rin g
T rad e FIRE U t i l i t i e s
S e r v ic e s
/

NTI ( I ) NON TRADABLES

/

AGIC I )

/ L iv s tk , O th erC , Soy

AGRIC INDUSTRIES

NAGK I ) NONAGRIC INDUSTRIES

Cons, TFU, S erv

/

/
/

FFFS , Minn, Man, Cons, TFU, S erv

F

FACTORS

/

G

GOVERNMENTS

/ SL
FED

S t a t e and Local
F e d e ra l /

HI

HOUSEHOLD

/ LOW
MED
HIGH

Low Income
Medium Income
High Income /

INS

INSTITUTIONS

/ LAB
ENT
PROP

Labor
E n te r p r is e
P ro p e r ty /

LB
LN
KT

/

/

Labor
Land
C a p ita l /

;

ALIAS (HI, HJ)
ALIAS! I, J )

******PARAMETER DECLARATION
•♦♦PARAMETERS _ BASE YEAR IN THE SAM

******************************w***************************
PARAMETERS
***PRICE BLOCK
WO
RNO (
RIO (
PMO (
PEO (
POO (
PXO (
POO C
PKO (
NPO (
EXRO
PWEO(i)
PWHO(i)
PRINDEXO

Wage r a t e
R e n ta l r a t e lan d
R e n ta l r a t e c a p i t a l
D om estic p r i c e o f im p o rts
D om estic p r i c e o f e x p o rts
P r i c e o f co m p o site commodity
O u tp u t p r i c e
D om estic good s a l e s p r i c e
P r i c e o f a u n it o f c a p i t a l
Met P r i c e
Exchange r a t e
W orld p r i c e o f e x p o rts
W orld p r i c e o f im p o rts
P r i c e in d ex
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**»**PRC30UCTI0N BLOCK
EOC i )
EDOCtri)
HO(i)
INTOC i )
QO ( i )
XO ( i )
DO ( i )
LBRO ( i )
LANOC i )
URPLNO(agi)
KATO(i)
TLBO
TLNO
TKTO
VADOOC i )

E x p o rts
E x p o rt demand
Im p o rts
I n te rm e d ia te in p u t demand
C om posite co oinodity su p p ly
D om estic co m p o site o u tp u t
D om estic good s a l e s
S e c to r a l la b o r demand
S e c to r a l la n d demand
URP s e c t o r a l la n d demand
S e c to r a l c a p i t a l demand
F ix ed la b o r s u p p ly
F ix ed lan d s u p p ly
F ix ed c a p i t a l su p p ly
S e c to r a l v a lu e added

****** INCOME AND EXPENDITURE BLOCK*********************
LBYO
KTYO
*AKFYO
*NAKFYO
LNYO
FCTYO(f)
TFCTYO
TINSTYO
LBIHSTYDO
PRPINSTYDO
ENTINSTYDO
TENTINSTYO
TINSTYDHO(ins)
TINSTYDO
NTINSTYDO
*NINSTRO
HHYO(hi)
THHYO
TXAHHYO(hi)
DHHYO( h i )
IHHTRNO(hi)
TGTRINSTO
GTRINSTO(g)
THHSAVO
HHSAVO(hi)
TGTRHO
GTRHO(hi)
SLHTRC h i )
FEDHTRC h i )
ROUSAVO
TRSAVO
TREMITO
GREMTO
SLREVO
FEDREVO
IGTRNO
GSAVO
FEDSAVO
SLSAVO
DEPRAGO
OEPRNAGO
DEPRECO
RETEO
RETDEPO
IDTXO(i)
IDTXSLO(i)
IDTXFEDO(i)
TIDTXO
TFCTXO
FEDFCTXO(f)

Labor income
C a p ita l income
Net f a c t o r c a p i t a l income in a g r ic s e c t o r s
Net f a c t o r c a p i t a l income in n o n a g ric s e c t o r s
Land income
F a c to r Income
T o ta l f a c t o r income
T o ta l i n s t i t u t i o n a l income
Labor i n s t i t u t i o n income d i s t r i b u t e d
P ro p e r ty i n s t i t u t i o n income d i s t r i b u t e d
E n te r p r is e i n s t i t u t i o n income d is trib u te d C e x c lu d e s g ov. t r a n s . ) T
T o ta l e n t e r p r i s e i n s t i t u t i o n income ( in c lu d e s gov. t r a n s )
T o ta l i n s t i t u t i o n a l d i s t r i b u t i o n to h o u seh o ld
I n s t i t u t i o n a l income to be d i s t r i b u t e d
O v e ra ll i n s t i t u t i o n a l income d i s t r i b u t e d to h o u se h o ld
Net i n s t i t u t i o n a l t r a n s f e r s and r e t a in e d e a rn in g s
H ousehold income
T o ta l h o u se h o ld income
T a x ab le h o u se h o ld income
D isp o s a b le h o u se h o ld income
In te rh o u s e h o ld t r a n s f e r s
T o ta l governm ent t r a n s f e r to i n s t i t u t i o n s
Government t r a n s f e r to i n s t i t u t i o n s
T o ta l h o u se h o ld s a v in g s
H ousehold s a v in g s
T o ta l Government t r a n s f e r s to h o u seh o ld s
Government t r a n s f e r s to hou seh o ld s
S t a t e Local governm ent t r a n s f e r s to h o u seh o ld s
F e d e ra l governm ent t r a n s f e r s to h o u seh o ld s
R est o f th e W orld s a v in g s
T o ta l re g io n a l s a v in g s
R em itta n ce to h o u seh o ld s from o u t o f re g io n
Government re v en u e from o u t of re g io n
S t a t e and L ocal governm ent revenue
F e d e ra l governm ent rev en u e
In te r-g o v e rn m e n ta l t r a n s f e r s
Government s a v in g s in th e re g io n
F e d e ra l governm ent s a v in g s
S t a t e and L ocal governm ent sa v in g s
Amount o f d e p r e c i a ti o n in a g r i c . s e c t o r s
Amount o f d e p r e c i a ti o n in n o n a g ric . s e c t o r s
T o ta l amount o f d e p r e c i a ti o n
R e ta in e d e a rn in g s
R e ta in e d e a rn in g s and d e p r e c ia tio n
T o ta l i n d i r e c t ta x by s e c t o r
S t a t e Local governm ent i n d i r e c t ta x revenue
F e d e ra l governm ent i n d i r e c t ta x revenue
T o ta l i n d i r e c t ta x
T o ta l f a c t o r ta x e s
F e d e ra l f a c t o r ta x r e c e i p t s
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SLFCTXO(f)
SSTAXO
CTAXO
LNTAXO
CITXO
HHYTXO(hi)
FEOTXO(hi)
SLTXO(hi)
TXGTRHO(hi)
UTGTRHO(hi)
GSPO
RGSPO
HHEXPO(hi)
HHCOOC i )
THHCDO
HHCEXPO(hj)
SLEXPO
FEDEXPO
GCEXPO(g)
GCOO(i,g)
TGCDO(g)
INVDKO(i)
NFINVO
INVOKO(i)
TRINVO
DINVENTO(i)
GTORO
HHTRNO
KTYLKO
LBYLKO
TFCTYLKO

S t a t e L ocal f a c t o r ta x r e c e i p t s
S o c ia l s e c u r i t y ta x
C a p ita l ta x
Land ta x
C o rp o ra te income ta x
H ousehold income ta x
F e d e ra l h o u se h o ld incom e ta x r e c e i p t s
S t a t e L ocal h o u se h o ld incom e ta x r e c e i p t s
T ax ab le governm ent t r a n s f e r to h o u se h o ld
U ntaxed governm ent t r a n s f e r to h o u se h o ld
Nominal G ross S t a t e P ro d u c t
R eal G ro ss S t a t e P ro d u c t
H ousehold e x p e n d itu re
H ousehold s e c t o r a l c o n su m p tio n e x p e n d itu r e
T o ta l h o u se h o ld c o n su m p tio n demand
H ousehold consum ption e x p e n d itu r e
S t a t e L o calgovernm ent e x p e n d itu r e
F e d e ra l governm ent e x p e n d it u r e
Government c o n s u n p tio n e x p e n d itu r e
Government s e c t o r a l c o n su m p tio n demand
T o ta l governm ent c o n su m p tio n demand
F ix ed r e a l in v e stm e n t b y s e c t o r o f d e s t i n a t i o n
Nominal f i x e d in v e s tm e n t
in th e re g io n
In v estm e n t by s e c t o r o f o r i g i n
T o ta l r e g io n a l in v e s tm e n t
S e c to r a l in v e n to ry in v e s tm e n t
Government t r a n s f e r s o u t o f th e re g io n
H ouseholds t r a n s f e r s o u t o f th e re g io n
C a p ita l income le a k a g e o u t o f th e re g io n
L abor income le a k a g e o u t
o f th e re g io n
T o ta l f a c t o r income le a k a g e o u t o f th e re g io n

•PARAMETERS TO CALIBRATE OR CALCULATE********
io ( i , i )
a lp h a ( i )
b e ta ( i , f)
p si ( i )
d e lta ic i)
d e lta C i )
sigm a ( i )
rh o ( i )
e ta ( i )
th e ta ( i )
e x p te ( i )
gamma ( i }
omega ( i )
phi ( i )
depr ( i )
d s tr ( i )
h h cs ( i , h j )
e h h tx rc h i )
ahhtxrC h i )
e n ts r
k y tx r
s s tx r
In tx r
k tx r
c itx r
a g s e n s ty
n a g s e n s ty
tx s try
g cd s ( i , g)
s l s id tx C i )
fe d s id tx C i )
fe d s fc tx
s ls fc tx
fe d s h y tx

In p u t o u tp u t c o e f f i c i e n t s
CD p ro d u c tio n f u n c tio n s h i f t e r
S h are p a ra m e te r in CD p r o d u c tio n f u n c tio n
CES im port f u n c tio n s h i f t e r
I n te rm e d ia te s t e p to e s t i m a t e d e l t a
CES im port fu n c tio n s h a r e p a ra m e te r
E la s tic ity of s u b s titu tio n
CES im port f u n c tio n e x p o n e n ts
CET e x p o rt f u n c tio n s h i f t e r
E x p o rt demand f u n c tio n s h i f t e r p a ra m e te r
E x p o rt demand e l a s t i c i t y
CET e x p o rt f u n c tio n s h a r e p a ra m e te r
E l a s t i c i t y o f tr a n s f o r m a t io n
CET e x p o rt f u n c tio n e x p o n e n ts
S e c to r a l d e p r e c i a ti o n r a t e
R a tio o f in v e n to ry in v e s tm e n t to d o m e s tic o u tp u t
H ousehold s e c t o r a l c o n s L n p tio n s h a r e
H ouseholds e a rn e d income t a x r a t e s
O v e ra ll a v e ra g e h o u se h o ld t a x r a t e s
E n te r p r is e s a v in g s r a t e
C a p ita l income ta x r a t e s f o r h o u se h o ld s
S o c ia l s e c u r i t y ta x r a t e
Land ta x r a t e
C a p ita l ta x r a t e
C o rp o ra te income ta x r a t e
A g ric . s e c t o r s h a r e o f e n t e r p r i s e i n s t . income
N o n ag ric. s e c t o r s h a r e o f e n t e r p r i s e i n s t . income
T ax ab le s h a r e o f g o vernm ent HH t r a n s f e r
Government s e c t o r a l c o n su m p tio n s h a r e
S ta t e L ocalgovernm ent s h a r e o f i n d i r e c t ta x
F e d e ra l governm ent s h a r e o f i n d i r e c t ta x
F e d e ra l governm ent s h a r e o f t o t a l f a c t o r ta x e s
S ta t e L ocal governm ent s h a r e o f t o t a l f a c t o r ta x e s
F e d e ra l governm ent s h a r e o f t o t a l h o u se h o ld ta x e s
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s ls h y tx
g srem t (g )
h s i n s ty ( h i , i n s )
h s tin s ty (h i)
h sg tr(h i )
g s to r ( g )
h s r e m t( h i)
MPSO(hi)
ly lk r
k y lk r
h s h tr
in v s d ( i)
a sk fy
n ask fy
id tx r(i)
su n h h c s (h j)
sum im sh (j)
su n in v sd
sum gcds(g)

S t a t e Local governm ent s h a re o f t o t a l h o u se h o ld ta x e s
Government s h a r e o u t o f re g io n r e m itta n c e s
H ousehold s h a r e o f i n s t i t u t i o n a l income by i n s t i t u t i o n
H ousehold s h a r e o f t o t a l i n s t i t u t i o n a l income
H ousehold s h a r e o f governm ent t r a n s f e r s
Government s h a r e o f re g io n t r a n s f e r s o r b orrow ing
H ousehold s h a r e o f re m itta n c e s from o u t o f re g io n
H ousehold s a v in g s r a t e
L abor income le a k a g e r a t e
C a p ita l income le a k a g e r a t e
H ousehold s h a r e o f o u t o f re g io n t r a n s f e r
In v estm en t s h a r e by s e c t o r o f d e s t i n a t i o n
A g r ic .s h a r e o f n e t f a c t o r c a p i t a l income
N o n a g ric .s h a re o f n e t f a c t o r c a p i t a l income
I n d i r e c t b u s in e s s ta x r a t e s
N o rm alisin g f a c t o r f o r "h h c s"
N o rm alizin g f a c t o r f o r "CCMAT"
N orm alizin g f a c t o r f o r " in v sd "
N orm alizin g f a c t o r f o r "g cd s"
ASS IGNMENT**************

TABLE

L iv stk
OtherC
Soy
FFAS
Minn
Cons
Man
TFU
Serv
+

U S E (i, j ) M a trix
L iv s tk
28.8 6 0 0
4 5 .5 4 0 0
0 .0 5 0 0
3 .9 7 0 0
0 .9 6 0 0
10.6400
3 8 .6 3 0 0
4 6 .3 1 0 0
6 .4 8 0 0
Cons

L iv stk
1.2600
OtherC
1.8600
Soy
0 .1 7 0 0
FFAS
20.3 9 0 0
Minn
193.9600
Cons
7 3.9700
Man
1905.4600
TFU
2092.3500
Serv
1620.9600

TABLE VAO ( i , f )
LB
L iv stk
OtherC
Soy
FFAS
Minn
Cons
Man
TFU
S erv
TABLE

40.6 9 0 0
114.7500
4 8 .4 8 0 0
2 28.8800
1286.5700
5538.9400
7855.8300
14738.0600
24492.0800

4645.17700
0.000000
0 .000000

Soy
0.5400

FFAS
2 .5 7 0 0
12.3200
0.0 2 0 0
3 .2 3 0 0
0 .3 6 0 0
12.4200
16.7600
16.4300
2 3.1 1 0 0

0.0200
2.3700
0.5100
0.2300
2.5900
3 .5 6 0 0
13.4500
0.8900

Man

TFU

5 75.04
132.5200
110.8400
16.9900
1087.9100
1065.7200
6396.4400
3049.2700
2515.2200

5 .6 2 0 0
7 .2 7 0 0
0 .1 1 0 0
1 0.1700
3 2 9 .7 6 0 0
2907.8000
9 0 2 .3 7 0 0
6584.2500
3771.2000

Minn
0.0900
0 .1 6 0 0
0 .0000
0.0200
273.7900
909.1900
161.8600
533.6300
184.5500

S erv
2.5 5 0 0
1.8700
0.0 3 0 0
1.1900
40.5800
931.9700
1070.5700
1727.0700
2376.4900

;

S e c to r a l V alue Added D s i t r i b u t i o n
KT

LN

87.0700
245.5100
50.6200
57.7600
2678.6500
2384.7000
4181.1000
9398.8200
2551.1400

FCTYINST ( i n s , f )
LB

LAB
PROP
ENT

O therC
4 .3 7 0 0
11.0400
0 .0 7 0 0
8 .8 8 0 0
2.3200
20.2500
42.2600
85.1300
7 .7700

108.8300
3 0 6 .8 9 0 0
6 5 .2 4 0 0

;

F a c to r Income D i s t r i b u t i o n to

LN
0.000000
455.9000
0.000000

KT
0 .0 0 0 0
0 .0 0 0 0
17192.8100
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TABLE INSTYDH ( h i ,
LAB
LOW
MED
HIGH
TABLE

4189.9500
20940.4600
21321.4000

in s )

I n s t i t u t i o n a l Income D i s t r i b u t i o n to Households

PROP

ENT

14.8300

1155.2700
4291.1300
4643.2600

111.1000
3 2 9 .9 7 0 0

HHCOD ( i , h J ) H ouseholds C o n su n p tio n Demand D i s t r i b u t i o n

LOW
MED
L iv s tk
2.2300
3 .9 3 0 0
O therC
22.2700
3 7 .1 0 0 0
Soy
0.0300
0 .0 7 0 0
FFAS
1.6100
3 .6 0 0 0
Minn
61.3000 118.2100
Cons
0.0000
0 .0 0 0 0
Man
988.2900 2061.6700
4337.5900 9 8 4 4.6300
TFU
S erv
2963.1900 6672.1500

HIGH
4.070
3 7 .9 3 0
0.050
2.920
109.900
0.000
1739.370
7912.650
5380.800

TABLE IHHTRChi, h j ) In te rh o u s e h o ld T r a n s f e r s
LOW
LOW
MED
HIGH
TABLE

0 .0 0 0 0
0.0000
0 .0 0 0 0

MED

HIGH

165.5600
0 .0 0 0 0
0 .0 0 0 0

281.3000
265.6100
0 .0000

;

GVCD ( i , g) Government C onsum ption Demand
SL

L iv s tk
O therC
Soy
FFAS
Minn
Cons
Man
TFU
S erv

0.7700
4.2200
0.0300
3.7200
15.7500
2429.1700
551.1100
951.8000
5824.7600

FED
0 .3 9 0 0
0 .4 4 0 0
0 .0 1 0 0
0 .2 8 0 0
12.4700
213.0700
1119.1700
182.0400
2321.8500

;

TABLE PARAMI(*,i) !SAM B ased Base Year V alu es I n d u s t r i a l S e c to r s
L iv s tk
XO
DO
EO
MO
QO
IDTXSLO
IDTXFEDO
IDTXO
DSTO
RNO
RTO
PMO
PEO
POO
PXO
POO
PKO
SIGMA
OMEGA
e x p te

420.7500
394.5000
26.2500
238.5000
633.0000
1.5100
1.2100
2.7200
0.46182
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
2.900000
1.900000
2.000000

O therC

Soy

FFAS

8 5 9.4300
129.1900
730.2400
190.3400
3 1 9.5300
5 .6 8 0 0
4 .5 2 0 0
1 0.2000
4.73421
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
3 .0 00000
1.200000
2.000000

192.3300
9 8 .3 3 0 0
9 4 .0 0 0 0
15.5200
113.8600
2 .1 3 0 0
1.6900
3 .8 2 0 0
- 0 .0 0 7 2
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
3.990000
1.200000
2.000000

382.1200
9 .2 7 0 0
372.8500
68.8000
78.0700
4 .6 0 0 0
3.6600
8.2600
0.5900
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
3.420000
0.900000
3.000000

Minn
6409.0800
1581.7800
4827.3000
692.7400
2274.5200
211.8200
168.7500
380.5700
6 .61469
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
0.500000
0.900000
3.000000
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+

Cons

XO
14042.5000
00
11652.0200
EO
2390.4800
MO
4580.9300
QO
16232.9300
IDTXSLO
116.0400
IDTXFEDO
92.4400
IDTXO
208.4800
DSTO
-28.03466
RNO
1.000000
RTO
1.000000
PMO
1.000000
PEO
1.000000
POO
1.000000
PXO
1.000000
PDO
1.000000
PKO
1.000000
SIGMA
0.500000
OMEGA
0.600000
e x p te
TABLE

LB
LN
KT
TABLE

FCTXG

FCTYLKO

WO

1342 .0800
15 .5900
1901 .8700

5505.2700
9.4 7 0 0
218.3900

6847.3500
25.0600
2120.2600

1045.1600
0.0 0 0 0
2322.3000

1.000000

PARAMH ( h i , *) SAM Based Base Year V alu es H ousehold Groups

7363.5600
5873.5500
2241.4200

TABLE

FEDTXO

HHYTXO

HHSAVO

1044.6300
5222.2400
6812.2000

1752.8500
6617.1700
8203.9100

-425 .1 5 0 0
1400.8700
1345.5100

HHTRNO

REMI TO

3539.1500
4772.7900
3493.1400

72.8900
215.8900
241.1000

PARAMG (g , *)

CITXO
SL
FED

F a c to r s

FEDFCTXO

GTRHO

LOW
MED
HIGH

3366 1 .9 6 0 0
3084 5 .4 0 0 0
281 6 .5 6 0 0
296 2 .1 4 0 0
3380 7 .5 3 0 0
2 5 9 .6 1 0 0
2 0 6 .8 1 0 0
4 6 6 .4 2 0 0
4 9 .3 3 7 7 2
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
3 .0 0 0 0 0 0
0.7 0 0 0 0 0

44242.2200
33223.3400
11018.8700
4878.5900
38101.9300
3109.5600
2477.2400
5586.8000
127.18244
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
3.000000
0.700000

SLFCTXO

708.2200
1394.9300
1391.7100

+

28900.4700
2981.5800
25918.9000
14520.3800
17501.9600
1065.1000
848.5100
1913.6100
56.69262
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
1.000000
4.000000
0.900000

S e rv

PARAMF ( f , *) SAM B ased Base Year V alues

SLTXO
LOW
MED
HIGH

TFU

Man

e h h tx r
0 .1 5 6
0 .2 0 8
0 .2 8 6

SAM Based Base Year V alu es

GREMTO

287.3800 4335.8900
33.0 0 0 0 191.3800

SLHTR

FEDHTR

2996 .9 7 0 0 4366.5900
2390 .0 0 0 0 3483.5500
9 1 2 .2 6 0 0 1329.1600
mps
-0 .0 3 7 0 0 0
0 .0 5 5 8 5 3
0.065401
Government
GEXP

GSAVO

GTORO

GREV

372.2300
0.0000

3867.9200
5410.6800

2045 9 .5 0 0 0 20087.2700
2 2 8 4 1 .4 1 0 0 22841.4100

TABLE GINSTR ( i n s , g) I n s t i t u t i o n a l r e c e i p t s from g o v ern m en ts
SL
LAB
PROP
ENT
TABLE

in v sd
depr
d s tr

0.0000
0.0000
38.7900

FED
0.000000
0.000000
95.9200

PARAMM (* , i ) M isc e lla n e o u s
FFAS

L iv s tk

OtherC

Soy

0.016200
0.096800
0.001025

0.025800
0.096800
0.005509

0.00 5 7 0 0
0.005100
0.38 5 0 0 0
0.096800
0.0000374 -0 .0 0 1 5 4 4

Minn
0.06 0 9 0 0
0.385000
0.001320
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Cons
i n vsd
depr
d s tr

Han

0.010200
0.385000
■0.001996

S e rv

TFU

0.230800
0.385000
0.001962

0.551900
0.3 8 5 0 0 0
0.002875

0 .0 9 3 3 0 0
0 .3 8 5 0 0 0
0 .0 0 1 4 6 6

TABLE CCMATCi, J ) C a p ita l C om p ositio n M a trix
L iv stk
L iv s tk
O therC
Soy
FFAS
Minn
Cons
Man
TFU
S e rv

0.001730
0.000000
0.000000
0.000000
0.000000
0.102560
0.286150
0.415810
0.193790

O therC
0.000000
0.001120
0.000000
0.000000
0.000000
0.598710
0 .035090
0.187591
0.1 7 7 4 8 9

Soy

FFAS

Minn

0.00 0 0 0 0
0 .0 0 0 0 0 0
0 .0 0 0 1 6 0
0.0 0 0 0 0 0
0 .0 0 0 0 0 0
0.6 0 9 5 0 0
0 .0 3 5 1 0 0
0.11739C
0 .2 3 7 8 9 0

0 .0 0 0 0 0 0
0 .0 0 0 0 0 0
0 .0 0 0 0 0 0
0 .0 0 0 0 0 0
0 .0 0 0 0 0 0
0 .5 7 9 9 1 0
0 .0 9 2 4 9 0
0 .3 2 7 6 0 0
0 .0 0 0 0 0 0

0.000000
0.000000
0.000000
0.000000
0.008460
0.944900
0.012000
0 .034690
0.000000

+

Cons

Man

TFU

S e rv

L iv s tk
O therC
Soy
FFAS
Minn
Cons
Man
TFU
S erv

0.000000
0.000000
0.000000
0.000000
0.000000
0.348540
0.206590
0.444870
0.000000

0.000000
0.000000
0.000000
0.000000
0.000000
0.785400
0.085690
0.124175
0.004774

0 .0 0 0 0 0 0
0 .0 0 0 0 0 0
0 .0 0 0 0 0 0
0 .0 0 0 0 0 0
0 .0 0 3 2 4 7
0 .9 3 0 1 2 6
0.037781
0 .0 2 8 8 4 6
0 .0 0 0 0 0 0

0 .000 00 0
0 .0 0 0 0 0 0
0 .00 0 0 0 0
0 .00 0 0 0 0
0 .00 0 0 0 0
0 .964500
0 .009970
0 .025530
0 .000000

PARAMETER SKALARSC*)

/

ROWSAV
TRINV
RETDEP
EXR
PR INDEX
IGTRN
TIHHTR
TREMIT
e n ts r
tx s try
k y tx r
a s k fy

**PARAHETER ASSIGNMENT TO

=
=

=
=
=
=
=

;

-6 5 3 .5 5 0 0
9 0 5 7 .3 9 0 0
7017 .4 8 0 0
1.0000
1.0000
4 3 0 5 .7 9 0 0
7 1 2 .4 7 0 0
5 2 9 .8 8 0 0
0 .0 3 5 0 0 0
0 .6 0 2 9 0 0
0 .3 5 0 0 0 0
0 .0 1 6 3 7 0 /

;

SAM BASE YEAR VALUES

***MISCELLANOUS PARAMETERS
s ig m a (i)
=
omega( i )
=
th e ta (tri)
* e x p te ( tr i)
depr ( i )
=
in v s d (i)
=
e n ts r
=
tx s try
=
s s tx r
=
In tx r
=
k tx r
=
c itx r
=
k y tx r
=
e h h tx r (h i) =
ask fy
=
a g s e n s ty
=
n a g s e n s ty =

PARAMIC'sigma", i ) ;
PARAMIC'omega", i ) ;
: PARAM I("EO",tri)
^
= PARAMI( " e x p te " , t r i )
PARAMMC'depr", i )
;
PARAMMCinvsd", i ) ;
SKALARSC'entsr") ;
SKALARSC'txstry")
PARAMFC "LB", "FCTXG") /
PARAMF( "LN", "FCTXO") /
PARAMFC "KT", "FCTXO") /
sun(g,PARAMG<g,"CITXO"))
SKALARSC"kytxr") ;
PARAMHChi, " e h h tx r " ) ;
SKALARSC"askfy")
SKALARS C "a g se n s ty ") ;
1- a g s e n s ty ;

sum Ci,
suraCi,
s u n C i,
/ simC

VAOC i , "L B ")) ;
VADCi,"LN")) ;
VADCi,"KT")) ;
i n s . FCTYINSTC i n s , "KT" ) )

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

255
wo

=

RNO(i) =
RTO(i ) =
PMO(i) =
P E O (i) =
PQ O(i) =
PXOC i ) =
PO Q(i) =
PKO(i) =
EXRO
PWEO(i) =
PWMOC i )
PRINDEXO

PARAMFC'LB", "WO")
PARAMI("RNO",i) ;
PARAMI("RTO",i) ;
PARAMI("PMO",t) ;
PARAMI("PEO",i) ;
PARAMI("PQO",i) ;
PARAMI("PXO",i) ;
PARAMI("POO", i ) ;
PARAMI("PKO",i) ;
SKALARS ("EXR") ;
PEO(i)/EXRO;
PMO(i)/EXRO;
SKALARSC'PRINDEX")

ION bLOCX*»*»*******»*’
E O (i)
=
PARAMI("EO",i) ;
*E D O (tri) =
t h e t a ( t r f ) * ( P W E O ( t n ') * * e x p te ( tr i ) )
MO(i)
= PARAMI("HO",i) ;
INTO(i)
= s u n ( i , U S E ( i,J ) ) ;
Q O (i)
=
PARAMl("QO",i) ;
X O (i)
=
PARAMI("XO",i) ;
D O (i)
=
PARAMI ( " 0 0 " , i ) ;
LBRO(i)
=
VAO(i,"LB" ) ;
LANO(i)
= VAO(i,"LN" )$(VA D(i,"LN ") ne 0) ;
WRPLNO(agi) = 0 ;
KATO(i)
=
VAO(i,"KT" ) ;
TLBO
= s im ( i, VAO(i,"LB")) ;
TLNO
= su m (ag i, VAO(agi,"LN")) ;
TKTO
= su m (i, VAO(i,"KT")) ;
VADOO(i)
= sum (f,V A O (i, f ) ) ;
"INCOME AND EXPENDITURE BLOCK*
LBYO
LNYO
KTYO
*AKFYO
•NAKFYO
FCTYO(f)
TFCTYO
GTRHO(hi)
HHYO(hi)

=
=
=
=
=
=
=

sum (i,V A O (i,"L B ")) ;
sum (i,V A O (i,"L N ")) ;
sutn(i,V A O (i,"K T ")) ;
askfy * sv x n (in s, FCTY INST ( i n s , "K T ")) ;
(1 - a s k fy )* s u m (in s , FCTYINST(ins, "K T")) ;
s u n ( i,V A D (i,f )) ;
sum (f,FCTYO (f)) ;
= PARAMH(hi,"GTRHO")
= su ra(in s,IN S T Y O H (h i,in s)) + s u n ( h j, IHHTR(hi, h j ) )
+ PARAMH(hi, "GTRHO") + PARAMH(hi, "REMI TO")
TREMITO
= SKALARS("TREMIT") ;
THHYO
= su m (h i, HHYO(hi)) ;
TXGTRHO(hi) = txstry*G TRH O (hi) ;
UTGTRHC(hi) = ( 1 -txstry)*(PA R A M H (hi, "GTRHO")) ;
TXAHHYO(hi) = su m (in s , INSTYOH(hi, i n s ) ) + TXGTRHO(hi) ;
OHHYO(hi)
= (1 - ehhtxr(hi))*TX G TRH O (hi) + PARAMH(hi,"GTRHO") TXGTRHO(hi) +(1-kytxD *IN STY O H (hi, "ENT") +
INSTYOH(hi, "PROP") * INSTYOH(hi, "LAB")eh h tx r(hi)*(IN S T Y O H (hi, "PROP")) - e h h tx r ( h i) *
(INSTYOH(hi, "LAB")) + s u n ( h j, IHHTR(hi, h j ) ) +
PARAMH(hi, "REMITO") ;
HHSAVO(hi) = PARAMH(hi, "HHSAVO")
IHHTRNO(hi) = su m (h j, IHHTR(hi, h j ) ) ;
THHSAVO
= s u n ( h i, HHSAVO( h i ))
SLSAVO
= PARAMGC'SL", "GSAVO")
FEDSAVO
= PARAMGC'FEO", "GSAVO")
;
ROWSAVO
= SKALARS("ROWSAV") ;
TGTRHO
= s u n ( h i, TXGTRHO(hi)) + sun(hi,UTGTRHO(hi))
SLREVO
= PARAMGC'SL", "GREV") ;
FEDREVO
= PARAMGC'FEO", "GREV") ;
IGTRNO
= SKALARSC'IGTRN") ;
GREMTO
= s u n (g , PARAMG(g, "GREMTO")) ;
lOTXO(i)
= PARAMI( "IDTXO", i ) ;
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TIDTXO
= su m (i, PARAMI("IDTXO",!)) ;
TFCTXO
= su n C f, PARAMFCf, "FCTXO")) ;
SSTAXO
= PARAHFC'LB", "FCTXO") ;
LNTAXO
= PARAMFC"LN", "FCTXO") ;
KTAXO
= PARAMFC'KT", "FCTXO") ;
CITXO
= suntCg, PARAMGCg, "CITXO")) ;
HHYTXOChi)
= PARAMHChi, "HHYTXO") ;
MPSOCht)
= PARAMHChi, "m ps") ;
HHEXPOChi) = OHHYOChi) + HHYTXOChi) - HHSAVOChi) ;
HHCOOCi)
= sunC hJ, HHCDDCi, hj)*- ;
THHCDO
= sumCi, HHCOOCi)) ;
HHCEXPOChj) = suraCi, HHCDDCi, hj)*PQ O C i)) ;
SLEXPO
= PARAMGC'SL", "GEXP")
FEDEXPO
= PARAMGC'FEO", "GEXP") ;
GCDOCi,g)
= GVCDCi, g) ;
TGCDOCg)
= sumCi, GCOOCi.g)) ;
GCEXPOCg)
= sumCi, GVCDCi. g)*PQOCi)) ;
GTORO
= suraCg, PARAMGCg, "GTORO")) ;
TRINVO
= SKALARSC'TRINV") ;
DINVENTOCi) = PARAHIC'OSTO",i) ;
NFINVO
= TRINVO - sim C i, DINVENTOCi)*PQOCi)) ;
INVOKOCi)
= invsdCi)*NFINVO/ PKOCi) ;
INVOKOCi)
= su n C j, CCMATCi, J)*INVDKOCj)) ;
HHTRNO
= su n C h i, PARAMHChi, "HHTRNO")) ;
DEPRECO
= SKALARSC"DEPRE") ;
RETEO
= SKALARSC"RETE");
RETDEPO
= DEPRECO
RETEO ;
GTRINSTOCg) = sum C ins, GINSTRCins, g ) ) ;
TGTRINSTO
= sumCg, GTRINSTOCg));
LBINSTYDO
= su n C h i, INSTYDHChi, "LAB")) ;
PRPINSTYDO
= sim C hi, INSTYDHChi, "PROP")) ;
ENTINSTYDO
= sim C in s, FCTYINSTCins, "K T "))- CITXO -DEPRECO - RETEO ;
TENTINSTYO
= sum Cins, FCTYINSTCins,"KT")) + TGTRINSTO ;
TINSTYDHOCins) = sum Chi, INSTYDHChi, in s ) ) ;
TINSTYO
= sum Cins, sumChi, INSTYDHChi, i n s ) ) ) ;
NTINSTYDO
= LBINSTYDO + PRPINSTYDO + TENTINSTYO ;
DEPRNAGO
= PARAMMC'depr","Han")*Cnagsensty*CCTENTINSTYO-TGTRINSTO
)CITXO));
DEPRAGO
= PARAMMC'depr","OtherC")*Cagsensty»CCTENTINSTYO - TGTRINSTO)CITXO));
KTYLKO
= PARAMFC'KT", "FCTYLKO") ;
LBYLKO
= PARAMFC"LB", "FCTYLKO") ;
TFCTYLKO
= KTYLKO + LBYLKO ;
TRSAVO
= DEPRECO + RETEO + THHSAVO
FEDSAVO + SLSAVO *
SKALARSC"ROWSAV")
GSPO
RGSPO

LBYO + LNYO
KTYO
TIDTXO ;
sim C i, HHCDOCi) + sunCg, GCOOCi,g)) + INVOKOCi) +
DINVENTOCi))+ sumCi, EOCi) ) - sumCi, MO(i)) ;
PARAMETERS TO BE CALIBRATED********************

io C i.i)
b e ta C i.f)
a lp h a C i)
rh o (i)
p h iC i)
gammaCi)
d e lta lC i)
d e lta (i)
p s iC i)

=
=
=
=
=
=
=
=
=

U S E C i,j) / XOCi) ;
VADCi, f ) / VAODOCi) ;
XOCi) / PROOCf, VADC i , f)* * C b e ta C i, f ) ) ) ;
Cl/PARAM I("sigma", i ) ) - 1 ;
Cl/PARAM I ("om ega", i))-^ 1
;
1/C1+PDOCi)/PEO(i)*(EOCi)/DOCi) )**C phiC i) - 1 ) ) ;
(PMOCi)/POOCi) )*CMO(i)/OOCi))* * (1 + rh o C i)) ;
d e l t a l C i ) / C 1 + d e lta 1 (i)) ;
QOCi) / (d eltaC i)* M O C i) * * ( -r h o C i) ) + C 1 -d e lta C i)) * 0 0 (i)
**C- rhoC i ) ) ) * * ( - 1/rhoC i )) ;
e ta C i)
= XOCi)/ C gam m aC i)*E 0(i)**phiC i) + Cl-gammaCi))*DOCi)
* * p h iC i))* * C 1 /p h iC i)) ;
d s t r C i)
= PARAMI("DSTO", i) /X O ( i)
h h c s ( i,h j)
= HHCDDCi, h j ) / HHCEXPOChj) ;
a h h tx rC h i)
= PARAMHChi, "HHYTXO")/ TXAHHYOChi) ;
g c d s ( i,g )
= GVCDCi, g)/TGCDOCg) ;
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s ls id tx C i)
= PARAMIC"IDTXSLO",
i) / PARAHK"IDTXO", i ) ;
f e d s id tx ( i)
= l-s ls id tx (i) ;
s ls fc tx
= sum(f,PARAMFCf,"SLFCTXO") ) / sumCf,PARAMFCf, "FCTXO")) ;
f e d s f c tx
= 1- s l s f c t x ;
s l s h y tx
= sumChi, PARAMHChi, "SLTXO")) /su m C h i, PARAMHChi,"HHYTXO"));
fe d s h y tx
= 1- s ls h y t x ;
gsrem tC g)
= PARAMGCg,"GREMTO") / GREMTO ;
g srem tC "fe d ") = 1 -g s re m tC " s l" ) ;
h s i n s ty C h i ,in s ) = INSTYDHChi, in s ) / TINSTYDHOCins) ;
h s tin s ty C h i)
= sum Cins,IN STY D H C hi,ins)) / TINSTYO ;
h s g trC h i)
= GTRHOChi) / TGTRHO
g sto rC g )
= PARAMGCg, "GTORO") / GTORO
;
g s to r C 'f e d " ) = 1 - g s to r C " s l" ) ;
hsrem tC h i)
= PARAMHChi, "REMI TO") / TREMITO ;
ly lk r
= PARAMFC "LB", "FCTYLKO") / CLBYO - SSTAXO)
k y lk r
= PARAMFC "KT", "FCTYLKO") / CKTYO - KTAXO)
h s h trC h i)
= PARAMHChi, "HHTRNO") / HHTRNO
id tx r C i)
= PARAMIC"IDTXO", i ) / CPXOCi)*XOCi)) ;
sstxr'L B Y O ;
ktxr*KTYO ;
lntxr*LNYO ;
kylkr*CKTYO - KTAXO) ;
lylkr*CLBYO - SSTAXO)

SSTAXO
KTAXO
LNTAXO
KTYLKO
LBYLKO

•♦NORMALIZING SHARES FOR ROUND-OFF ERRORS
sumhhcsChj)
h h c sC i, h j)
sumimshCi)
CCMATCi,j)
sum invsd
i nvsdC i )
sumgcdsCg)
g c d sC i, g)

sumCi, h h c sC i, h j ) ) ;
h h c sC i, h j)/su m h h c sC h j)
sumCi, CCMATCi,j)) ;
= CCMATCi, j)/su m im sh C j)
sumCi, in v sd C i)) ;
invsdC i )/s u n in v s d ;
sumCi, g c d sC i, g ) ) ;
gcdsC i,g )/su m g c d sC g ) ;

OPTIONS DECIMALS
DISPLAY

=

6 ;

io , b e ta , a lp h a , rh o , gamma, p h i, d e l t a , p s i , e t a , d s t r , h h c s, a h h tx r , g cd s,
s l s i d t x , f e d s id tx , s l s f c t x , s l s h y t x , f e d s h y t x ,f e d s f c t x , g sre m t, h s t i n s t y ,
h s i n s t y , h s g t r , g s t o r , h s r e m t ,l y l k r , k y lk r , h s h t r , id tx r,su m h h c s, sumimsh,
sum invsd, sumgcds ;

VARIABLES
0 ECLARATI ON*****************************

z

O b je c tiv e f u n c tio n v a lu e

♦♦♦♦PRICE BLOCK
W
RNCi)
RTC i )
PMCi)
PECi)
PQC i )
PXCi)
POCi)
PKC i )
NPCi)
EXR
PWECi)
PWMC i )
PRINDEX
♦CL I

Wage r a t e
R e n ta l r a t e lan d
R e n ta l r a t e c a p i t a l
D om estic p r i c e o f im p o rts
D om estic p r i c e o f e x p o rts
P r i c e o f co m p o site com nodity
O utp ut p r i c e
D om estic good s a l e s p r i c e
P ric e o f a u n it of c a p ita l
N e tP ric e
Exchange r a t e
W orld p r i c e o f e x p o rts
World p r i c e o f im p o rts
P r i c e index
C ost o f li v in g in d ex
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•♦•••PRODUCTION BLOCK
E (i)
E x p o rts
• E D ( tr i)
E x p o rt demand
M( i )
Im p o rts
IN T (i)
In te r m e d ia te in p u t demand
Q (i)
C om posite commodity su p p ly
X (i)
D om estic c o m p o site o u tp u t
0 (i)
D om estic good s a l e s
LBR(i)
S e c to r a l la b o r demand
LANCi)
S e c to r a l la n d demand
WRPLNCagi)
WRP s e c t o r a l la n d demand
KAT(i)
S e c to r a l c a p i t a l demand
TLB
F ix e d la b o r su p p ly
TLN
F ix ed la n d su p p ly
TKT
F ix ed c a p i t a l su p p ly
INCOME AND EXPENDITURE BLOCK
LBY
KTY
AKFY
NAKFY
LNY
FCTY(f)
TINSTY
LBINSTYD
PRPINSTYD
ENTINSTYD
TENTINSTY
GTRINST(g)
TGTRINST
NTINSTYD
NINSTR
HHY(hi)
THHY
TXAHHY(hi)
OHHY(hi)
HHSAVChi)
TRSAV
SLREV
FEDREV
ROWSAV
SLSAV
FEDSAV
OEPRAG
DEPRNAG
DEPREC
RETE
SSTAX
LNTAX
KTAX
CITX
IDTX(i)
HHYTXChi)
GTRH(hi)
TGTRH
IHHTRN(hi)
IGTRN
TXGTRH(hi)
UTGTRH(hi)
HHEXPChi)
HHCO(i)
THHCO
HHCEXP(hi)
HHTRN
SLEXP
FEDEXP
GCEXPCg)
G CO (i,g)

L abor income
C a p ita l income
Net f a c t o r c a p i t a l income in a g r i c . s e c t o r s
N et f a c t o r c a p i t a l income in n o n - a g r ic . s e c t o r s
Land income
F a c to r Income
T o ta l i n s t i t u t i o n a l income
L abor i n s t i t u t i o n income d i s t r i b u t e d
P r o p e r ty i n s t i t u t i o n income d i s t r i b u t e d
E n te r p r is e i n s t i t u t i o n income d is tr ib u te d C e x c lu d e s gov. t r a n s . )
T o ta l e n t e r p r i s e i n s t i t u t i o n income ( in c lu d e s gov. t r a n s . )
Government t r a n s f e r to i n s t i t u t i o n s
T o ta l governm ent t r a n s f e r to i n s t i t u t i o n s
O v e ra ll i n s t i t u t i o n a l income d i s t r i b u t e d to HH
Net i n s t i t u t i o n a l t r a n s f e r s and r e t a in e d e a rn in g s
H ousehold income
T o ta l h o u se h o ld income
T a x a b le h o u se h o ld income
D is p o s a b le h o u se h o ld income
H ousehold s a v in g s
T o ta l re g io n a l s a v in g s
S t a t e and L ocal governm ent rev e n u e
F e d e ra l governm ent rev en u e
R e st o f th e w o rld s a v in g s
S t a t e and L ocal governm ent s a v in g s
F e d e ra l governm ent sa v in g s
Amount o f d e p r e c i a ti o n in a g r i c . s e c t o r s
Amount o f d e p r e c i a ti o n in n o n a g r ic . s e c t o r s
T o ta l amount o f d e p r e c i a ti o n
R e ta in e d e a rn in g s
S o c ia l s e c u r i t y ta x
Land ta x
C a p ita l ta x
C o rp o ra te income ta x
S e c to r a l i n d i r e c t ta x
H ousehold income ta x
G overnnm ert t r a n s f e r s t o h o u se h o ld s
T o ta l governm ent t r a n s f e r to h o u se h o ld s
In te rh o u s e h o ld t r a n s f e r s
In te r-g o v e r n m e n ta l t r a n s f e r s
T ax ab le governm ent t r a n s f e r to h o u se h o ld
U ntaxed gogernm ent t r a n s f e r to h o u se h o ld
H ousehold e x p e n d itu re
H ousehold s e c t o r a l c o n s u ip tio n demand
T o ta l h o u se h o ld co n su m p tio n demand
H ousehold co n su m p tio n e x p e n d itu re
H ouseholds t r a n s f e r s o u t o f th e re g io n
S t a t e L ocal governm ent e x p e n d itu r e
F e d e ra l governm ent e x p e n d itu re
Government co n su m p tio n e x p e n d itu r e
Government s e c t o r a l c o n s u n p tio n demand
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TGCD(g)
INVDK(i)
NFINV
INVOKCi)
TRINV
DINVENTCi)
LBYLK
KTYLK
TREMIT
GREMT
GTOR
TFCTX
MPS(hi)

T o ta l governm ent c o n su n p tio n demand
F ix ed r e a l in v e s tm e n t by s e c t o r of d e s t i n a t i o n
Nominal fix e d in v e s tm e n t in th e reg io n
In v e stm e n t by s e c t o r o f o r i g i n
T o ta l re g io n a l in v e s tm e n t
S e c to r a l in v e n to ry in v e stm e n t
Labor income le a k a g e o u t o f th e re g io n
C a p ita l income le a k a g e o u t o f th e re g io n
Remmita n c e to h o u se h o ld s from o u t of th e re g io n
Government re v e n u e from o u t o f re e g io n
Government t r a n s f e r s o u t o f th e re g io n
T o ta l f a c t o r ta x e s
H ousehold s a v in g s r a t e

••REGIONAL PRODUCT
GSP
RGSP

Nominal G ross S t e t e P ro d u c t
R eal G ross S t a t e P ro d u c t

SLACK!( i )
SLA :K 2(i)

S la c k v a r i a b l e
S la c k v a r i a b le

POSITIVE VARIABLE

SLACK!,

SLACK2

••MODEL EQUATIONS
EQUATIONS
EQZ

O b je c tiv e f u n c tio n

••••P R IC E BLOCK^*^*^^^**^^
ImpPM(i)
E xpPE (i)
CompPQCi]
O utp P X (i)
C apPK (i)
N etpN P (i)
PriceDEX
•CostlDEX

D om estic p r i c e o f im p o rts
D om estic p r i c e o f e x p o rts
P r i c e o f c o m p o site commodity
O utp u t p r ic e
P ric e of a u n it o f c a p ita l
Net P r ic e
P r i c e index
C ost o f li v in g index

•♦•••PRODUCTION b LQCK^^**^^*^^*^*****^**
E x p E (i)
• E x p D ( tri)
ImpM(i)
In te rIN T (i)
CompQ(i)
O u tp X (i)
LabdLB (i)
LnddLN(agi)
CapdKT(i)
C e tX (i)
O u tb a I( i )

E x p o rt s u p p ly fu n c tio n
E x p o rt demand fu n c tio n
Im port su p p ly fu n c tio n
In te rm e d ia te in p u t demand
CES commodity s u p p ly a g g re g a tio n f u n c tio n
P ro d u c tio n f u n c t io n
S e c to r a l la b o r demand
S e c to r a l lan d demand
S e c to r a l c a p i t a l demand
E x p o rt tr a d e f u n c tio n
S e c to r a l o u tp u t b a la n c e e q u a tio n

INCOME AND EXPENDITURE BLOCK
LaborY
CaptY
LandY
L ab o rin stY
P ro p in stY
E n te i n s t Y
N to tin s tY
HouseHYChi)

Labor income
C a p ita l income
Land income
Labor i n s t i t u t i o n income
P ro p e r ty i n s t i t u t i o n income
E n te r p r is e i n s t i t u t i o n income
Net t o t a l i n s t i t u t i o n a l income d i s t r i b u t e d
H ousehold income
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DispHY(hi)
HouseSAVChi)
TotRSAV
StateLREV
FederREV
lO TX sec(i)
HouseTX(hi)
HouseEXPChi)
HouseCD(i)
StateLEXP
FederEXP
*StateLBDG
*FedBOG
GovCO(i,g)
In v estO K (i)
N F invest
InvestO K (i)
•TotRINV
InvtoO ST (i)
SocTX
LandTX
KapTX
K apylk
Labylk
D epragr
D eprnagr
•O eprecn

D isp o s a b le h o u seh o ld income
H ousehold sa v in g s
T o ta l r e g io n a l sa v in g s
S t a t e and L ocal governm ent re v en u e
F e d e ra l governm ent rev en u e
S e c to r a l i n d i r e c t ta x
H ousehold income ta x
H ousehold e x p e n d itu re
H ousehold s e c t o r a l con su m p tio n e x p e n d itu re
S t a t e Local governm ent e x p e n d itu re
F e d e ra l governm ent e x p e n d itu re
S t a t e L ocal governm ent b u d g et
F e d e ra l b u d g et in th e s t a t e
Government s e c t o r a l con su m p tio n demand
F ix ed r e a l in v e stm e n t by s e c t o r o f d e s t i n a t i o n
Nominal f ix e d in v e stm e n t in th e re g io n
In v estm e n t by s e c t o r o f o r i g i n
T o ta l re g io n a l in v e stm e n t
S e c to r a l in v e n to ry in v e stm e n t
S o c ia l s e c u r i t y ta x e s
Land income ta x e s
C a p ita l income ta x e s
C a p ita l income le a k a g e s
L abor income lea k a g e s
A g ric . s e c t o r s d e p r e c i a ti o n
N o n n ag ric. s e c t o r s d e p r e c i a ti o n
T o ta l d e p r e c i a ti o n

***EQUILIBRIUM CONDITIONS
Q e q u iU i)
LBequiI
LNequiI
KTequiI
S ie q u iI

E q u ilib riu m in commodity m a rk e ts
Labor m ark et e q u iI ib r i im
Land m arket e q u ilib r iu m
C a p ita l m arket e q u ilib r iu m
S a v in g s In v estm en t e q u ilib r iu m

••REGIONAL PRODUCT
GrossP
RealGSP

EQZ . .

Nominal G ross S ta t e P ro d u c t
R eal G ross S ta t e Produc ;

Z

E

su m (i, SLACKI(i) + SLACK2(i)) ;

•••••P R IC E BLOCK
Im pPM (i)..

PM (i)

E x p P E (i)..

P E (i)

C o m p P Q C iP Q (i)

E

PWH(i)^EXR ;
E

PWE(i)^EXR ;

E

(P D (i)^ D (i) + P M (i)^ M (i))/Q (i) ;

O u tp P X (i)..

P X (i) E

(P O (i)^ O (i) * P E C i)^ E C i))/X (i) ;

C a p P K (i)..

PKCi) E

sumCJ, PQ(J)"CCMAT(J, i ) ) ;

N e tp N P (i)..

N P (i) E

P X ( i) ^ ( l- id t x r C i) ) - su n C j, lO Cj,

PriceO EX ..
•C ostlD E X ..

PR INDEX
CL I

E
E

i) * P Q ( j))

GSP/RGSP ;
sim C i, PQCi)^HHCOCi))/sura<i, HHCDOCi)) ;

•••••PRODUCTION BLOCK
O utpX C i)..

E xpE C i)..

XCi)

DCi)

E alphaCi)^CLBRCi)^* b e ta C i," L S " )) ^
CLANCi)^^betaCi,"LN"))^CKATCi)^*CbetaCi, "K T ")))

;

E ECi)/CPECi) / P0Ci)^C1- gammaCi)) / garamaCi))^*
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* E x p O ( tr i) ..
IrapM (i)..

E D ( tr i)

M (i)

In te rlN T (i)..
C orapQ (i)..

=E= t h e t a ( t r i ) » ( P W E ( t r i ) * * e x p t e ( t r i ) ) ;

E D (i) * (P 0 (i)/P M C i)* d e lta (i)/( 1 -d e lta (i)))* *
(1 /(1 + rh o (i))) ;
IN T (i)

Q (i)

E

=E= p s i ( i ) * ( d e l t a ( i ) * M ( i ) • * ( - r h o ( i )) + ( 1 - d e l t a < i ) ) *
D ( i) * * (-rh o C i)))* * ( -1 /r h o (i) ) ;

L a b d L B (i).. W

E

L ndd L N (ag i)..

RM(agi)

( b e t a ( i , ■■LB“ )* N P (i)» X (i) )

C apd K T (i)..

R T (i)

C e tX ( i) ..

X (i)

O u tB a U i) ..

s u m C j,io C i,J ) * X ( j) ) ;

/ LBR(i)

;

E( b e ta (a g i," L N " ) * N P ( a g i)* X (a g i))/
(LANCagi)- WRPLNCagi));

E

C b e c a (i, "K T "J* N P (i)* X (i))/K A T (i)

;

=E= e ta ( i) * ( g a n m a C i) * E ( i) * * p h i( i) + (l-g a n m a C i) ) •
D (i) * * p h i(i))» * ( 1 /p h iC i)) ;

D (i)

E

X ( i) - E ( i)

******INCC3ME AND EXPENDITURE BLOCK******************
L aborY ..

LBY

E

su n C i, LBR(i)*W) ;

C aptY ..

KTY

E

s u m (i, NP(i)*X(i))-LBY-LNY

;

LandY..

LNY

=E= s u m (a g i, LANCagi)*RN(agi)}

;

SocTX..

SSTAX =E= sstxr*L B Y ;

LandTX..

LNTAX =E= lntxr*L N 7 ;

KapTX..

KTAX

E

K ap y lk ..

KTYLK

E

kylkr*(K TY

- KTAX) ;

L a b y lk ..

LBYLK

E

lylkr*(L B Y

- SSTAX) ;

kCxr*KTY ;

L a b o rin s tY ..

LBINSTYD

E

LBY-SSTAX-LBYLK

;

P ro p in s tY ..

PRPINSTYD

=E=

E n te in s tY ..

ENTINSTYD

=E= KTY-KTAX-KTYLK - CITXO - DEPRNAG - DEPRAG - RETEO;

N to tin s tY ..

NTINSTYD

=E= LBINSTYD + PRPINSTYD

LNY-LNTAX ;

+ ENTINSTYD

;

D e p ra g r..

DEPRAG =E=

PARAMMC" d e p r " , " o th e rC " ) * ( a g s e n s ty * ( ( TENT INSTYO-TGTRINSTO) - CITXO) ) ;

O e p rn a g r..

DEPRNAG =E= PARAMM("depr","Man")*(nagsensty*((TENTINSTYO-TGTRINSTO)-CITXO));

* D ep recn ..

OEPREC

H ouseH Y (hi)..

HHY(hi)

D isp H Y (h i)..

DHHY(hi) E HHY(hi) - ehhtxr(hi)*<TXG TRH O(hi)) kytxr*INSTYDH(hi,"ENT") - e h h tx r C h i) * ( INSTYDHChi, "PROP")) ehhtxr(hi)*(IN S T Y D H C hi, "LAB")) ;

ID T X se c (i)..
H ouseT X (h i)..
HouseSAVChi)..

=E=

IDTX(i)

DEPRAG + DEPRNAG ;

E
hstinstyC hi)*N TIN STY D +
IHHTRNO(hi) + hsgtrChi)*TGTRHO +
hsremt(hi)*TREMITO*EXRO
;

E

HHYTX(hi)
HHSAVChi)

id tx r ( i) * P X C i) * X ( i) ;
E
E

ahhtxrChi)*TXAHHYO(hi) ;
MPSOChi)*DHHY<hi) ;
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StateLREV ..

SLREV

FederREV..

E

FedREV

TotRSAV..

s L m < i,s ls id tx ( i) * I D T X ( i) ) + s l s f c t x * (LNTAX +KTAX + SSTAX)+
PARAMGC'SL"/'CITXO") + s ls h y tx * s u m (h i, HHYTX(hi)) +
g s re flit(“ SL")*GREMTO»EXRO + IGTRNO ;

=E=

s u n ( i , fe d s id tx (i)» ID T X C i)) + fedsfctx*(LNTAX + KTAX + SSTAX)+
PARAMGC"FED" ."CITXO") + fed shytx*sum (h i , HHYTXCh i ) ) +
gsrefflt("FED")*GREMTO*EXRO ;

TRSAV =E=

H ouseE X P (hi)..

RETEO + DEPRAG + DEPRNAG + sumChi.HHSAVChi) ) +
SLSAVO + FEDSAVO + ROWSAVO*EXRO ;

HHEXP(hi)

E

DHHY(hi) + HHYTXChi) + HHSAVChi)

;

HouseCDCi)..
HHCDCi)*PQCi) =E= ChhcsCi."low")*CDHHYC"LOW")HHSAVC'LOW")- IHHTRCLOU". "HED")-IHHTRC"LOW". “HIGH")PARAMHC'LOU". "HHTRNO")) + h h c sC i. "MED")*
CDHHYC"MED»)-HHSAVC"HED")-IHHTRC"HED". "HIGH")PARAMHC"MED" . "HHTRNO")) + h h c s C i. "HIGH")*COHHYC"HIGH")HHSAVC'HIGH") - PARAMHC'HIGH". "HHTRNO"))) ;
S tateL E X P ..
SLEXP E sunC i.PQ C i)*G C D C i."SL")) *
sum Cins. GINSTRCins. " S L ")) + sumChi, PARAMHChi."SLHTR")) * SLSAVO +
gstorC"SL")*GTORO*EXRO ;
FederEX P.. FedEXP
E sim C i. PQCi)*GCD(i. "FED")) 4- sumCins. GINSTRCins."FED"))+ FedSAVO +
sumChi, PARAMHChi,"FEDHTR")) + IGTRN + gstorC"FED")*GTORO*EXRO ;
G ovC D C i.g)..

GCDCi.g)

=E=

N F in v e s t..

NFINV

E

In v estD K C i)..

INVDKCi)*PKCi)

In v e stO K C i)..

INVDKCi)

Invto O S T C i)..

DINVENTCi) =E=

•TotRIN V..

TRINV

;

TRINV-sumCi. d strC i)*X C i)*P Q C i))

=E=

E

g c d sC i, g)*TGCDCCg)

=E=

invsdCi)*NFINV

;

;

sum Cj. CCMATCi. j)*INVDKCj )) ;
d s trC i)* X C i)

;

sum Ci. INVOKCi) + DINVENTCi)*PQCi) )

;

•••EQUILIBRIUM CONDITIONS
Q e q u ilC i) ..

QCi) =E= IN T (i) + HHCDCi) + SumCg, GCDCi.g)) + INVOKCi) +
DINVENTCi) ;

L B e q u il..

TLB - sunC i . LBRCi))

L N eq u il..

TLN - sum Cagi.LAN Cagi))

K T e q u il..

TKT - sumC i . KATCi))

S le q u il..

TRSAV

E

TRINV

=E=

0

=E=
E

0

;

••REGIONAL PRODUCT
G ro ssP ..

GSP

R ealG SP..

RGSP

=E=
E

LBY + KTY + LNY • suroCi. IDTXCi))

;

sumCi. HHCDCi) + INVOKCi) • DINVENTCi) +
suraCg.GCDCi.g)) + ECi) - MCi)) ;

I ABLE INITIALIZATI qm
••REGIONAL PRODUCT
GSP.L
RGSP.L

=
=

GSPO ;
RGSPO;
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****PRICE BLOCK
W.L
RN.LCi)
R T .L (i)
PM.LCi)
P E .L (i)
P Q .L (i)
P X .L (i)
P D .L (i)
PWE.L(i)
PUM.L(i)
EXR.L

WO ;
RNO ( i )
RTO ( i )
PHO ( i )
PEG ( i )
PQO( i ) ;
PXO( i )
POC( i ) ;
PWEOCi) ;
PWMO(i) ;
EXRO

•♦♦••PRODUCTION BLOCK
E .L ( i)
D .L (i)
LBR.L(i)
LAM.L(agi)
WRPLN.L(agi)
KAT.L(i)
TLB.L
TLN.L
TKT.L

E0( i )
0 0( i )
LBRO(i)
LANO(agi)
URPLNO(agi)
KATOC i )
TLBO ;
TLNO ;
TKTO ;

INCOME AND EXPENDITURE BLOCK
GTRINST.L(g)
TENTINSTY.L
LBINSTYD.L
PRPINSTYD.L
ENTINSTYD.L
TXAHHY.L(hi)
TRSAV.L
TRINV.L
TREMIT.L
FEDSAV.L
SLSAV.L
ROWSAV.L
SSTAX.L
KTAX.L
LNTAX.L
CITX.L
TXGTRH.L(hi)
UTGTRH.L(hi)
HHCD.L(i)
THHCD.L
M PS.L(hi)
TGCD.L(g)
GTOR.L
TFCTX.L
GREMT.L
TGTRINST.L
NTINSTYD.L
GTRH.L(hi)
TGTRH.L
IGTRN.L
HHTRN.L
IHHTRN.L(hi)
TRINV.L
SLSAV.L
FedSAV.L
KTYLK.L
LBYLK.L
DEPRAG.L
DEPRNAG.L
OEPREC.L
RETE.L

GTRINSTO(g)
TENT INSTYO
LBINSTYDO
PRPINSTYDO
ENTINSTYDO
TXAHHYO(hi)
TRSAVO
TRINVO ;
TREMITO ;
FEDSAVO
;
SLSAVO
;
ROUSAVO ;
SSTAXO
KTAXO
LNTAXO
;
CITXO
TXGTRHO(hi)
UTGTRHO(hi)
HHCOO(i) ;
THHCOO ;
MPSOChi)
TGCOO(g) ;
GTORO ;
TFCTXO ;
GREMTO ;
TGTRINSTD ,
NTINSTYDO ;
GTRHO(hi) ,
TGTRHO
;
IGTRNO ;
HHTRNO ;
IHHTRNO(hi)
TRINVO
SLSAVO
;
FedSAVO ;
KTYLKO
;
LBYLKO
;
DEPRAGO ;
OEPRNAGO ;
DEPRECO ;
RETEO ;
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• ’ REGIONAL PRODUCT
GSP.L
RGSP.L

=
=

GSPO ;
RGSPO ;

X .L ( i) = P O .L (i)* D .L (i) + P E .L C i)* E .L ( i)/P X .L (i) ;
P K .L (i) =

su m (j, PQ.L(J)*CCMAT(j,

N P .L (i) = P X .L (i)* (1 - i d t x r ( i ) ) W.L

i) ) ;
s u n ( j , IOC], i) * P Q .L ( j) ) ;

= WO ;

RN.LCagi) =

< b e ta (a g i," L N " )» N P .L (a g i)* X .L (a g i))/
(LAM.LCagi)- W RPLN.L(agi));

R T .L (i)

(b e ta (i," K T " )* N P .L (i)* X .L (i))/lC A T .L (i)

=

PRINDEX.L
•C L I.L

=

;

GSP.L/RGSP.L ;
= SumCi, PQ .LCi)*H H CD .L(i))/sum (i,H H CO O (i)) ;

*****PROOUCTION BLOCK

X .L ( i)

= a lp h a ( i) * { L B R .L (i)* * b e ta (i," L B " ))* { L A N .L ( i)» * b e ta (i, "L N "))’
(K A T .L C i)* * (b e ta (i, "K T "))) ;

D .L ( i) = E .L ( i) / ( P E .L ( i) / P O .L C i)* (l- gam naC i)) / gam m a(i))**
(1 /(p h i( i)- l) ) ;
•E D .L C tri) = th e t a C tr i ) * ( P W E .L ( t r i) * * e x p te ( t r i)) ;
M .L (i) = D .LCi)* ( P D .L ( i) /P M .L C i) * d e U a ( i ) / ( 1 - d e l ta ( i ) ) ) * *
(l/(l+ rh o (i))) ;
Q .L ( i)

= p s i ( i) * ( d e lt a ( i ) * H .L C i) * * C - r h o ( f ) ) + ( 1 - d e lta C i ) ) *
0 .L (i) * * (-r h o (i)))* • { - 1 /rh o (i)) ;

IN T .L (i) =

s u m (j,io (i,i)» X .L (j) ) ;

••••••INCOME AND EXPENDITURE BLOCK * * * * * * *
LBY.L

= sumCi, L B R .L (i)’ W.L) ;

LNY.L

= sunC agi, L A N .LCagi)*R N .L(agi)) ;

KTY.L

= sumCi, N P .L (i)’ X .L(i))-LBY .L-LN Y .L ;

SSTAX.L = s s t x r ’ LBY.L ;
LNTAX.L = I n tx r ’ LNY.L ;
KTAX.L

= k tx r ’ KTY.L ;

KTYLK.L = kylkr*(KTY.L - KTAX.L) ;
LBYLK.L = lylkr*(L B Y .L - SSTAX.L) ;
LBINSTYD.L

=

LBY.L- SSTAX.L-LBYLK.L

;

PRPINSTYD.L

=

LNY.L-LNTAX.L ;

ENTINSTYD.L

= KTY.L-KTAX.L-KTYLK.L - CITX.L - DEPRAG.L - DEPRNAG.L - RETE.L ;

DEPRAG.L = PARAMMC"depr","otherC“ ) ’ Cagsensty*((TENTINSTY.L-TGTRINST.L)-CITX.L));
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DEPRNAG.L = PARA«M ("depr","M an")*(nagsensty*((TENTINSTY.L-TGTRINST.L)-CITX.L));
OEPREC.L

=

DEPRAG.L + DEPRNAG.L ;

HHY.LChi) =

s tin (in s , INSTYDHChi, i n s ) ) + IHHTRN.LChi) *
hsgtrChi)*TGTRH.L + hsremtChi)*TREM ir.L»EXR.L

;

DHHY.LChi) = HHY.LChi) - ehhtxrChi)*CTXGTRH.LChi) ) kytxr*INSTYDHChi,"ENT") - e h h tx r C h i)* CINSTYDHChi,"PROP")) ehhtxrChi)*CINSTYDHChi, "LAB")) ;

IDTX.LCi)

=

id tx rC i)* P X .L C i)* X .L C i) ;

HHYTX.LChi) = ahhtxrChi)*TXAHHY.LChi) ;
HHSAV.LChi) =
SLREV.L

FedREV.L
SLEXP.L

=

su m C i,slsid tx C i)* ID T X .L C i)) + slsfctx*T F C T X .L +
PARAMGC'SL","CITXO") + su n C h i, PARAMHChi, "SLTXO")) +
gsremtC"SL")*GREMT.L + IGTRN.L ;
=

sumCi, fe d s id tx C i)* ID T X .L C i)) + fedsfctx*TFC TX .L +
PARAMGC"FED","ClTXO") + sumChi,PARAMHChi,"FEDTXO")) +
gsremtC"FED")*GREMT.L ;
= sunCi,PQ .LCi)*G VCO Ci,"SL")) + sixnC ins, GINSTRCins, "S L ")) +
sun C h i, PARAMHChi,"SLHTR")) + SLSAV.L + gstorC"SL")*GTQR.L ;

FedEXP.L

TRSAV.L

MPS.LChi)*DHHY.LChi) ;

=

=

sumCi, PQ.LCi)*GVCOCi, "FE D ")) + sum Cins, GINSTRCins,"FED")) +
sumChi, PARAMHChi,"FEOHTR")) + IGTRN.L * FedSAV.L + gstorC"FED")*GTOR.L ;
RETE.L +- OEPREC.L + sumChi .HHSAV.LChi ) ) +
SLSAV.L + FEDSAV.L + ROWSAV.L ;

HHEXP.LChi)

=

DHHY.LChi) + HHYTX.LChi) + HHSAV.LChi)

;

HHCD.LCi) = ChhcsCi,"low")*CDHHY.LC"LOW")-HHSAV.LC"LOW")IHHTRC'LOW", "MED")-IHHTRC"LOW“ , "HIGH")- PARAMHC'LOW", "HHTRNO"))+
h h c sC i, "MED")*CDHHY.LC"HED")-HHSAV.LC"MED")-IHHTRC"MED", "HIGH")PARAMHC'MED", "HHTRNO")) + h h c sC i, "HIGH")*CDHHY.LC"HIGH")HHSAV.LC"HIGH")-PARAMHC"HIGH", "HHTRNO")) )/P Q .L C i) ;
GCO.LCi,g)
NFINV.L

=
=

CinvsdC i)'N FIN V .L)/PK .LC i )
=

=

;

;

suraCj, CCMATCi, j)*IN VD K.LCj)) ;

DINVENT.LCi) =
TRINV.L

;

TRINV.L-sumCi, d strC i)* X .L C i)* P Q .L C i))

INVDK.LCi) =
INVOK.LCi)

g cd sC i, g)*TGCD.LCg)

d strC i)* X .L C i)

;

su n C i, INVOK.LCi) + DINVENT.LCi)*PQ.LCi) )

;

•♦••♦VARIABLE BOUNDS
U.LO
RN.LOCi)
RT.LOCi)
PM.LOCi)
PE.LOCi)
PQ.LOCi)
PX.LOCi)
PO.LOCi)
PK.LOCi)
PWE.LOCi)
PWM.LOCi)
EXR.LO
NP.LOCi)

=
=
=
=
=
=
=
=
=
=
=
=
=

0 .0
0 .0
0 .0
0 .0
0 .0 ;
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

;
;
;
;
;
;
;
;
;
;
;
;
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E.LOCi)
•E D .L O (tri)
M .LO (i)
IN T.LO (i)
Q .L O (i)
X .L O (i)
D .L O (i)
LBR.LO(i)
LAN.LO(agi)
WRPLN.LOCagf)
KAT.LQCf)
TLB.LO
TLN.LO
TKT.LO

= 0.0;
= 0 .0 ;
= 0 .0
= 0 .0
= 0 .0
= 0 .0
= 0 .0
= 0 .0
= 0 .0
= 0 .0
= 0 .0
= 0 .0
= 0 .0
= 0 .0

••••••INCOME AND EXPEND I
L8Y.L0
KTY.LO
LNY.LO
LBINSTYD.LO
PRPINSTYD.LO
ENTINSTYD.LO
HHY.LO(hf)
DHHY.LO(hi)
GTRINST.LO(g)
TXAHHY.LO(hi)
TRSAV.LO
TREMIT.LO
SLREV.LO
FEDREV.LO
IDTX.LO(i)
SSTAX.LO
KTAX.LO
LNTAX.LO
CITX.LO
HHYTX.LO(hi)
TXGTRH.L(hi)
UTGTRH.L(hi)
HHEXP.LO(hi)
HHCD.LO(i)
SLEXP.LO
FEDEXP.LO
GCO.LO(i.g)
TGCD.LO(g)
GTOR.LO
TFCTX.LO
GREMT.LO
TGTRINST.LO
GTRH.LOChi)
IGTRN.LO
INVDK.LCi)
NFINV.L
INVOK.LO(i)
TRINV.LO
KTYLK.LO
LBYLK.LO
DEPRAG.LO
DEPRNAG.LO
DEPREC.LO
RETE.LO

=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=
=

0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0
0 .0

closure variables

(d e p e n d s on c lo s u re r u l e ad opted)*

• • F o r e i g n Exchange m arket
TREMIT.FX = TREMIT.L ;
GREMT.FX = GREMT.L ;
GTOR.FX = GTOR.L ;
HHTRN.FX = HHTRN.L ;
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ROWSAV.FX = ROWSAV.L ;
• * In v estm en t/S av i ngs
MPS.FX(hi)
"TRINV.FX

= H P S .L (h i) ;
= TRINV.L ;

••G overnm ent s e c t o r
•FEDEXP.FX = FEDEXP.L ;
•SLEXP.FX = SLEXP.L ;
FEDSAV.FX = FEDSAV.L ;
•SLSAV.FX
= SLSAV.L ;
TGCD.FX(g) = TGCD.L(g) ;
IGTRN.FX
= IGTRN.L ;
TGTRINST.FX = TGTRINST.L ;
•GTRH.FX(hi)
= GTRH.L(hi) ;
WRPLN.FX(agi) = WRPLN.L(agi) ;
• ♦ F a c to r m ark ets
TLB.FX = TLB.L ;
TKT.FX = TKT.L ;
TLN.FX = TLN.L ;
•W.FX
= W.L ;
••E x p o rt M arket
PWE.FX(i) = PW E.L(i) ;
PWM.FX(i) = PWH.L(i) ;
••N um eraire
EXR.FX

=

EXR.L

;

• • • • o p t io n s
OPTION
OPTION
OPTION
OPTION
O p tio n

LIHROW =
0 ;
LIMCOL =
0 ;
RESLIM = 2000 ;
ITERLIM = 2000 ;
s o lp rin t = o ff ;

••••••••••••M O D E L SOLVE STATEMENT^^^^^^^^^^^^^^^^^^^^^^*»^^^^^
MODEL LA93CGE

/ ALL

/

LA93CGE.0PTFILE = 1 ;
SOLVE

LA93CGE

MINIMIZING

Z

USING

NLP

••SOLUTION DISPLAY STATEMENT
OPTION DECIMALS
DISPLAY

=

3

W.L, RN.L, RT.L, PM.L, PE.L,PWE.L,PWM.L, PQ.L, PX.L.PD .L, NP.L.PK.L,EXR.L,
PRINDEX.L, E .L , M .L,IN T.L, Q .L, X.L, D .L , LBR.L, LAN.L, KAT.L,
SSTAX.L, LBYLK.L, KTYLK.L, LNTAX.L,KTAX.L, TGTRINST.L,NTINSTYD.L,LBY.L,
KTY.L, LNY.L,LBINSTYD.L,PRPINSTYD.L, ENTINSTYD.L, HHCD.L, HHY.L,
DHHY.L, HHSAV.L,TRSAV.L, TREMIT.L, SLREV.L, FEDREV.L, IDTX.L.HHYTX.L,
HHEXP.L, SLEXP.L, FEDEXP.L,GCO.L,INVDK.L, NFINV.L, IHVQK.L, OINVENT.L,
GSP.L, RGSP.L, WRPLN.L, RETE.L,DEPRAG.L,DEPRNAG.L,DEPREC.L ;

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

VITA

Williams Olubodimde Olatubi was bom at Idanre, Ondo State, Nigeria. He had his
early primary education also at Idanre. After his High School education, he enrolled at the
University of Ibadan, Ibadan, Nigeria for a Bachelors degree in Agriculture. He graduated
with Honors with a Bachelors degree in Agricultural Economics in 1984.
Subsequent to graduating from college, he worked briefly for his National Service
as an Evaluation Officer with the Agricultural Projects Monitoring, Evaluation, and
Planning Unit (APMEPU); a Unit of the Federal Department of Rural Development in
Nigeria. In 1986, he accepted an offer as a Planning OfBcer with the Federal Agricultural
Coordinating Unit (FACU), also a Unit of the Federal Department of Rural Development
in Nigeria. He continued to work at FACU subsequently becoming an Assistant Coordinator
for Program development and Planning in 1991. Within this period, Mr. Olatubi enrolled
at the University of Ibadan for graduate studies in Agricultural Economics. He grad^*ed
with a Masters degree in 1990.
In September 1992, he obtained a World Bank Graduate Scholarship to undertake
doctoral studies in Agricultural Economics at the Louisiana State University. He is currently
a candidate for the Doctor of Philosophy in Agricultural Economics.

268

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

DOCTORAL EXAM IN A TION AND D IS S E R T A T IO N REPORT

Candidate:
Major Field:

Williams Olubodunde Olatubi
Agricultural Economies

Title of Dissertation:

Evaluating the Impacts of Farmer Participation
In the Wetland Reserve Program on the Louisiana
Economy Using I-O, SAM, and CGE as Alternative
Modeling Techniques
Approved:

jor Profei

Dean

[he''Graduate School

,IN I ^ G

iMMITTEE ;

Date of Examination :
March 20, 1998

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

IMAGE EVALUATION
TEST TARGET ( Q A - 3 )

/

./r

%

1.0

la
la
|A0

m
2.2

2.0

l.l
.8

1.25

1.4

1.6

15 0 m m

V
V
A P P L I E D ^ IIV1/4GE . In c
’/

a

1653 East Main Street
- Roctiester, NY 14609 USA
Ptione: 716/482-0300
— — ------- Fax: 716/288-5989
0 1993. Applied Image. Inc.. Ail Rights Reserved

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

